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SOLVING EQUATIONS AND INEQUALITIES




Chapter 17

SOLVING BQUATIONS AND INEQUAIITTES

Introduction

In English it is possible to write statements that/are not true
as well as statements that are true. When you say, "This cat is an

animal with four legs," the statement is true if the th}ng you are

pointing to is & normel cat. On the other hand, it is not true if
you say, "An airplane is an animal with four legs.”

In your arithmetic wotrk in the lower grades, you probably gave

"wrong" answers to some problems once in a while. When this happened,

. you had written a mathematical statement that was not true.

Many tests have sentences with blanks where you are supposed to
write a word or two to complete the sentence. If you write the correct
wérd, the sentence is a true statéﬁent. If you write the wrong word,
the statement is false. For instance, in the foXlowing:

- " was the first President of the United

‘States.",
"Washington" mekes the s@ateﬁent tzue. "Lincoln" makes it false.

In mathematics, Jjust as in English, there are different kinds of
sentences. When you say Kﬁ.l [ s or A ABC = A XYZ s Yyou are
making statements which may or msy not be true, but they are different

kinds of stétements from

’

3+2=5,.

—

The last statement says that the number named on the left, side of
{
the equal sign is the same number as the number ngmed on the right

side. That is, "The sum, three plus ﬁmo, is five."

Suppose we replace the 3 in the statement above with a variable,
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This equation is a sentence that ¢laims there is a number with which
we can replace the variable, x , to make a true stafement. The
soluticn of the equation is the_number used to éake it true. In
x +2 =5, the solution is 3 . No other number makes the sentence

true. (Of course you know that there are many nasmes for 3 :

5 3IX1, 3+0, uf- 1, etci; but it is easiest .to recognize
the ordinary name, 3 , and that is the one you would expect to see
in the solution.) For scme equations there is no solution. For
instance, there is no real number to replace x 1in the equation

x=7 & and make the sentence true.

An equation can be so simplé that its solution is perfectly
obvious. In x =2 , for instance, you see at once that‘'replacing

the variable with 2 makes the sentence true: 2 =2 ,

Some equations, however, are not so easy to solvé. In this chapter
you will learn ways to solve equations like these: 3x + b = 2x"+ 1l,

and “ +hx + b= 1.
t

{
You will see that in some equations more than one number is a
solution. You will also find out how to solve inequalities like

x+3<5.

Class Discussion -

In order to solve equations it is helpful to look first at mathe-

matical statements without zgriéhleﬁ.“,_ e e e+ e e+ e e o
Take a true statement like

- . 3+)+=7.

Suppose you multiply the number (3 + 4) on the left side-of
the equal sign by 2 . (We will cpll this multiplying "the left side"
“by 2 .) ' ’ M

N\
(is, is not)
leave the left side as it is and make a true statement again by

the number on the right side By .

2 (3+4)-= 7 . This a true statement. You can

2 (3 +M) =+ T
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it zggjmultiply both sides 9{ a true statement by ~
the same number, you still have a true statement.

Suppose you add 5 to the left side of the statement 3 + 4 = 7.

. '
You get (3 +4) +5 =7 . This , a true statement.
(is, is not)

Ybu can leave the'left side as it is and make a true statement

again by . to the right side.

(3+4)+5 =7+

4 r

If you add the same number to both sides of a true

statement, you still have a true statement.

1. Show what you do to the second statement of each pair below to

makg each statement true.
(a) 5+9=l)+
3°(5+9)= 14 -

(b) ll».+6=10
\

(4 +6) +3 210
(c) 26 + 8 = 34
9« (26 +8) = _ 3k

(d) 15 +45 = 60
3 (15 +45)+ 8 = - < 60 +

‘Some things that you do in everyday life you can "undo". To

undo putting on your coat, you . To wndo
picking up a book, you « To undo opening
the door, you ) . )

In working with numbers, you also can "undo" what you do to a

!

number.

To undo adding 5 , you add the of 5.

1




3, In the equation x + 59 = 65 , to find out what x 1is you add
to both sides of the equation. T )

.

x +59 =65
X +59 + = 65 +
x+40=, *
X =
To undo multiplying by‘ 5 , you multiply by the reciprocal

of . ’ .
“»

A Y
If you start with 4 and multiply by 5 , you get 20 . To
get back to b again, you multiply both sides of the equation by

D

- . N
ERIC | Y

(61} 2

-
. y "17-1c
. If you start with 3 and add 5, you get 8.
3+5=28
To get back to 3 again, you add. toﬂboth sides of
the equation. . . :
© 345+ 5=8+75
' You have a true statemengz 3+0 = 3.
. or simply: 3 =3 . :

R Suppose you use a variable in place of the 3 1in the equatfon
you started with. If you write x + 35 = 8 “then to find out vhat x is
you_add the opposite of 5 to both sideé of the equation, '

x+5+ 5=8+"5
On the left side, adding the numﬁers, you have x + O , and on the
right side you have ) :). ,
x+0=3
80 Xx =3 »
X 2. In the equation x + “16 = 24, to undo adding 16 , you
* mist add t£o both sides of the equation,
' x + 16 +16 =2k +
s0 X =

%
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l. . - L]
5,5 L 20
1o b=
k= ) ' .

SO\

Suppose you have a varisble in place of the 4 in.the first

equation. , . .

LY

. -, 5 °*x=20

1 1
= . e x == +20
52 5
2 x
so . 1ex=h
, and = i x =54

4, TIn the equation 10x = 90 , to find out what” x is you multiply
both sides of the equation by T ‘l(‘Remember'that 10x

P

means 10 * x .)

- 10x = 90
& 1 o
-]3-le= + 90 - N
! 1 e¢e x =
———
1 . . \
80 X = -

Se In the equatipn ljf x = 12 , you multiply both sides of the
equgtion by . '

'ljfx=12 -
______-{%x:___-lz
Tex=___
‘ . L
. B e 1 |
o 6\
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What we want to do in solving equations is to add the same number

. to both sides of the equation or multiply both sides by the same

number in order to get just the variable on one side and the solution

on the other. As we do this, we write a chain of equivalent equations,

all of which have the same solution.

In the equation x + 9 = ™3 , we want to get x+0 =%, so

we add # tp both sides, and learn that x = .

In the equation L x =3, we would like to have 1 ¢« x = ?,

so we multiply both sides by and learn that x = .

Exercises . '

For each of the following, show what you do to both sides of the

equation to find the solution. Then solve the equation. The first

one is done for you.”

)

Equation On both sides, you '
te
l. x+6=13 sdd "6 . .
. /
x= T
5. < i/:5 -3 edd __ .
:x= e
s
3. - 5x =18 multiply by .
NET—
k, %x=7 .
R (Hint. Remember what you know
Xx=4 about reciprocals.)

L4

L ]
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- Equation . On both sides, you
5. F=3 . : . .
< = ) (Hiot. This is tHe same as ' .
= N S——— l -
' ’ Fx=3 .)
. Bt
6. x + 19 = 13 i
. Y S .
7 g = - . » ) \\
A 7.. 20x = 58 (Simpﬁfy .
. X= your answer.,)
g 4

8- :‘13: X = 12 — ' . -

% = : (Reciprocal?)

‘" ~n‘ ‘ - "/éu'

g: ‘5{‘-+ )+ = ‘3 -‘ % ]
‘:\ X = v 3

, - Ay ‘
10. 5x =50 *
O x &
lla X + -9 = 18 f ® .

x=__

120 X = 15 s

X =

13. %x =18

x = __ .
’l)-l». X + —50 = Q ) ’
H X = -t
i R
{ .
15. 2x =0 b
. X =
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Equivalent Equations ~

In an equation 1ike 2x + 3 = 11 , ask yourself, "How can I get
just x on the left side and a number on the rfght, that is:
x =
¥ , ' - l.
The first thing to do is to decide what was done to x to get
0 " .
2x +3 . You see that? x was mftipliedby 2 and then 3 was
added. The result was 2x + 3 . But the same thing must have been
done to the right side of the equation that stated x was & certain

mmber (x= ¢ ). .

‘Class Discussion

\

To fiﬁd the solution to 2x + 3 = 11 , you will reverse the
steps that were taken to go from,the equation x = ¢ %o the equation
2% +3 = 11.. Since x was first multiplied by 2 and then 3 was
added,, to reverse you will first add and then multiply and you do the

same thing on both sides of the equation. -

Because 3 was added to both sides, add the opposite of 3 to
both sides.

-

Left side Right side
s 2x + 3 + = 11 +

-

You have 2x +0 =38, 'so you knoy you can write 2x = 8 . Because
both sides were multiplied by 2 , multiply both sides by the

reciprocal of 2 . <,
4 to,

Left side . Right side
.« 2x = N . 8

‘; A}
This gives you 1 « x = 4 , 8o you know the last equation can be

written x = 4 . You have the solution.

Sometimes, however, people meke mistgj§es when they compute., To
check, you should always go back to the first equation and replace the
variable with the solution to see whether the statement is true. When’

you do fthis, you get:
N ' N




. (2 +4)+3=11
8+3=ll
1l = 11 ,

-

N . g ’
This is a true statement, and you know your solution is right.

You, wrote a chain of equivalent equations. They are equivalent

-

because they have the same solution.

2x + 3 = 11

(and, after adding ~3 to both sides) 2x = 8" (Check your
. 1 solution here.)
(and, after miltiplying both sides by % ) x =1

In the equation, Tx + 4 = 46 , think: "First both sides were
multiplied by , then was added., To reverse the
process, I will first add the opposite of to both sides and
then multiply both sfdes by the reciprocal of WM .

Left side Right side .
Tx + 4 = ' W
(AGd 74 ) .
Tx = ke
(Multiply by % 1
. X = ) 6

Check the solution by replacing the variable; X, with 6 ,
in‘the first equation,

(7 6) 4k =46

replace the variable with 6 in each one of the equivalent

-

Check
Tk 4 b = 46 (7-6)+k =146
Tx =k "7.6=k




In the Exercises in Section 17-1, you had the problem \% =3,

and you saw that this.was the same as 1% X =3 . In the prc&blem
3 L

px= 12 , you knew that you must multiply both sides by the
reciprocal of 13: . %¥he equatfion —31-:5 = 12 has exactly the same
solution as 13: x =12 , Dbecause \
3x _3 . x
T —-— —T—
=3 . X
® =% "1
= % X o
. Remembering: this helps to solve equations like 2\% +5 =15 . Think
of 275- as' -5,7 x + First both sides of the equation were multiplied
by and then was added to both sides. To reverse
this process, writfe three equivalent equations:
) Left side Right side
Left side . Right side ,
. %— x+5 = 15 ,
(ra@a __ .)
S —
(Multiply by )
y —
X - =

Check your solution,

@) +5=15
10 + 5 = 15,
’ 15 = 15
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Some equations are written in the form of subtraction.
3x - 2 = 10

Before doing anything else, change it to eddition.

3x + 2 =10 ’

)
If the variable was first multiplied by 3 and then "2 was added,

you reverse the process by adding to both sides and then
multiplying both sides by .

Left side ' Right side
3x + 2 = 10
. (M@a - )

3x = . .

> \

© (Maltiply by ; '.) % : .
2

. x = > .

-

Chgck.&our solution.

(37 k) + 2

. . 10
.12 + T2 = 10
10 = 10

ol

P

By now you can use the reverse process Jjust by Planning %head
end writing only the equivalent equations. With 5x +2 = 22 , you

plan first to add t6 both sides and then to multiply both

gides,by .,

1]

I

\
’

' 5x + 2
¢

5x

X =

@

Be sure to check your solution to see if it can be used to replabe
X 1in the first equation, 5x + 2 = 22 . )

(5 - ) +2 =22,
. ___+2=22
R ¥ =22 -
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Exercises

For each equation below, show your hplan" in the middle column
and then write eguivalent equations to find the solution. Re-
Mace the variasble with your solution and check to see if the

statement is true. The first one is done for you.

Plans
Equations On both sides: ; Check
(a) bx -5 =39 ‘ , (be11) -5 =39
-. Rewrite as addition.,
bx + 75 = 39 bh -5 =39
) Add 5 . .
bx = 4b . 39 =39

L ’ Multiply by 11; .

a———

x =11
(b) 2x +1 =41
, Add
" Multiply by ,
2
(¢) T5x +2 =10 ..
. -Add
Multiply by o
»
A
\
- "1
(@) % ..;.= 3 . . .
. Rewrite as addition. -
Ad4 ]
af*- . . S————
. ! Multiply by
5% _ B
(e)T+1°'° . Add

, + Multiply by

13
X .
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2. Ybu are probably ready to do the planning without writing it
down. For the following ﬁ}dblems, think what you will have to

do to both sides of the equation; then write. equivalent equations.

At the right, show that your solution is correct. The first one

is done for you.
, Equations
(a) bx=-1=7

hx + "1 =17

hx = 8

i X =2

4

Check
()4'2)4'-]_:7

8+ 1=17
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Fquations with a-Variable in the Denominator of a Fraction

Equations sometimes have a variable in.the denominater of a
fraction, as in % +2 = % . This looks hard, but it is solved in
much the same way as the others you hgve done, except for some extra

steps.

You know one thing sbout the solution of the equation before you
start: x is not O , Dbecause % has no meaning. )

«

~
Class Discussion
First, rewrlite 3 ‘as 3 o L .
1 . . X X

ihé equation is now:

.

»

When yoﬁsfind out yhat the number % is, you will'khow,what

x 1is, because the reciprocal.of % is x .

i

In the equationJ3b5§e, the number %"was first,multipliéd-by

3 and then 2 was addad. To solve the equation you .first add

to both sides.,

7 .
L 2.1
3 -}-{-+2+ 2_2+
.-J—'-’—i
80 3 X5%

Next you multiply both sides by .

1.5, .3 .
’ 3 13'x—-—_——- 2‘ . .
80 : 1.1 -
x 2
-and x =2
. - w )
(I£ you are not sure about the last step, use the comparison
property. - You know that %:% if a+d=b-+c.)
15 )
" e

N




17-3a

When you multiply 1.2 and 1+ x you find that 2 = x.

Check the solutivn in the equation.

Equation Check
\
3 _1 3 -1
FE A
3.k 7
t 5+t3=3
3+k 7
2 "2 .
T1T_1
2°-Z

The next problem is Jjust a little harder.
8

=T +3=T

In this%equation, you know that x cannot be because

8 .1
+1 =0, Rewrite T3 o8 8~ T and your equation
is (r
1
8 x+l+3.—7.

First add the opposite of 3 :

P
© 8 gFT =t

.
-~

and then multiply by the reciprocal of 8 :

) . r __1 \
* X1 2°°

Write x + 1 =2 as the next step, and finally add the opposite of
‘ to both sides and find the solution, x =1 . Now check the

8
solution in the equation I +3=T7T.
16

7l

LR P
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Check X
8
T F3=T
8 -
5 +3 =17
)++-3=7~
T=T.

The equation == - "3 =5 gives you a chance to use many

things you learned in earlier chabterp. (Notice that x £ 77 )

-

First, rewrite the equation as addition. -

18, _s

X+ 7 —

Write the equation again to show - ;lgqi as 18 times a number .

18' ‘ + =5

Add the opposite of to both sides,

Multiply both sides by the reciprocal of .

. (Simplify the fraction
on the right side.)

=

you can write:

]
O+

Because

»
+
-

=9,

Add the opposite of to both sides,




Check your solution by substituting it for x in the equation you
started with. ' '
18 -
. + 7 - 3 = 5
. 18
+3=5
2 + 3= 5
5=5
Fxercises

17~3¢

1. For each equation below, write a chain of equivalent equations to

find the solution. On the right, check your solution. .

#

Check
(a) %-2:—1"3—,@1'1& x£0 ’
(Addi%on problem)
| | - 3.5, "
© ' (; =3°___ )
(Add ___.to both sides.)
(Multiply both
sides by __.)
ey
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\\ _
Check
-—%fE'+ %~= %', and x f 4 )

(Rew?ite o |

X+h

as 2 ° .)

. (Add ___ to both sides.)

(Multiply both

\\\\ sides by —r—') | . N

If those two numbers are , . .
1, then .)

___’bq both sides.)

2. In some of the problems below you will have~to write only one.

. more. Check each solution.







Solving Equations with Functions

In Chapter 8 you found that for an equation like 2x + 3 = "1
you could write two functions; graph both of them on a chrdina
and find the solution of the equation,

Class Discussion

-

To review, let's look at the equation 2x +3 = "l. You can write
a' function using the left side: f : x -»2x + 3 . On the right side
P4 1%§§ can wg%te & constant function: g:x-> 1.
. _Very égggfully graph edth of these functions on the coordinate -

plana below, Use inputs as shown.

fix-2x +3 . S
Input | Output ;
U
1 . 5
0 b J
-l 1
[~4
- 1
—tl b

- -g =) =R =D = D [

g x > 1 ) 3 2 :L}. L 2 3 & §
Input | Output =2
=3
. =
d o K s
- * —(
l _U
i
’ “g
| |
|

21 ‘ .
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The graph of the function g : x - 1 is a horizontal line,
parallel to the x-axis because no matter what inpﬁt you have, the out-
put~ié'a1ways . For yhat input does the graph of £ : x »2x +3’
intersect the graph of g : x - 1 2% ' When you replace X
uwiﬁﬁ 2 in the equation /2x + 3 = "1, youhave 2-72+3= 1.

This is a true statement, 'so ~2 1is the solution to the equation.

.You could also have written a chain of equivalent equations like
this:

2X+3= 1
2x = 4
x= 2,

You can see why, in solvipg equations this way, it is necessary
to draw the .graphs very carefully and t6 check your solution., If you
are careless, your graphs may not show the intersection correctly, and
the input that gives that intersection may not be the solution of the
equation, ‘

—

Try the equation Ux +.6 =2 ., The function for the left side

of th; equation is f : x - - . The function for the right side

of the equation is g : x = . Use the inputs 0, "2, and
"3, and graph both functions on the next page. )




o

o do dn g

INEEEEEELUEEERLE ~ .

[%9)
t
s
| ]
o

P H O

i o

& ~f§ o\\WI

What input gives the same output for both functions?
Find the solution of the equation k4x + 6 = 2 by writing equivalent

equations.

bx + 6°=2 ) ' ‘

Did the graphs of the two functions give you this solution?
If not, yoﬁ should try to find where you made .a misteke. Check the
golution in the equation, and then go back over your work.

I3

23

o8 | -
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Often the solution of an equation is not an integer, and then it
is sometimes hard to see, from a graph, exactly what it is.

The equation —L6x +3 =0 is an example, The function for the
left side is f : x - . The function for the right side is
&1 X=> . This is a constant function. Use the inputs 0, 1,
and "2 for each function.and draw the graph of each.

N
5
.
o]
-

q..a H P H
Ju & \hr Q\

,.‘u

o M-l b b

—
en

N H O

You ‘see that, for the equation ~6x +3 =0, the input_that gives
the seme output, for both functions is some number between O and 1 .

You might guess that it is % or %- or % or many other rational

numbers ., Choose one of these numbers and check it as the solution to
the equation. If it is;hot the solution, try another of the numbers,
and.so on, until you find the one that solves the equation. The solution
of the;equation. “6x +3 =0 is
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The function'method‘of solviﬁg equations does not always make it
easy to see the solution of an equation exactly, and of course if
you are not careful you mey not find the correct one, but you should
get a solution that is fairly close to the correct one. Another draw-
back to the function method is that the graph you use sometimes needs
to be very large. In the last problem, for instance, in order to graph
an input of 2 , the y-axis had to be at least 15 units long. How
long would it ha&e had to ée to show the output for an input of —5‘?

units ‘

Until now, you have not been asked to solve an equation like
x1+2 = 6x + 8, in which you see Xx oﬁ.both sides of the equation.
In this kind of equation, the x on the left side of the equation
must stand for the same number as the x ‘on the right side. To solve’
this equation by the function method, write a function for the left
side as usual: f : X »X +2 . You can't write a constant function
for the right side, but instead you cen write g : x »6x + 8 . Use
the inputs O, "1, and 2 and graph these functions at the right.

What‘input gives the same . |

; g
output for both functions? -
Check to see whether this number AL
O
is the solution for the equation 5
x+2=6x+ 8., (If you were
careful, it should be.) - 3
[~
+2 = (6 . ) +\—8 3
- IMEEEERTEREEN:
- + "8 b P Ll 3 D
L —c
,Lq _ .
- J
— — i i
3
-
1
-Q
5
Tr




Exercises.

Write two functions’ for each equation. Choose inputs that allow

you to graph each of the functions on the coordinate plane given.
(Most of the time you have used inputs between '

Answer the questions for each equation.

l. 3x+ 1= 1 \

(a) £ :x-

(b) g: x>

(e) W_hatg input .glves the same
output for both functions? .

L ——————

(d) Show that this is the
. solution to the equation
3x + 1= "4,

(3+___)+1="Th

' ’ _'____+’l='h

;.. ko= Tk
2. 3x+2=6x+:'4. .‘

(a) £ : x>

(b) g:1x-

(c) 'What input gives the same
output for both functions?

(@) Show that this is the ~
solution to the equation
3Ix +2°=6x+ k&,
(3 __)+2=(6-_ )"
+2 = + "l;.
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3. .2x+ l=x+h
(a)

" (v)

(c)

(@)

fi1x- "

g: X~

What input gives the same
output for both functions?

Show that this is the .

solytion to ‘the equation
" - 3
2x + 1=x+54,

Orm——

(2. )#+"1= 44

Lt 1=

2x + "1 =1.472x

(a}

(v),

(c)

fsix-

g : X =

What input gives the same
output for both functions?

- (Try to Judge
as well ag you can.) Test
your answer in the equation
ox + 71 =1+ 2x, Ifit
i not ééfrectz tijy another,
Then show that you have the

correct soluytion below.

+71=1+

27

=1+ (T2 )

~

=51

19

b d2 1 9

D

. 2 3

~

-

-

A 4}

5
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Fquations Which Have the Variable on Both Sides

. Problem 4 in the last lesson is an example of an equation where
the solution is not an integer and graphing does not show élearly vhat
it is. You may also have noticed that for some equations you would '
need a very léfge piece of graph paper to find the .solution by the
function method. It takes only two steps more than you have used
before to solve an equation like 3x +2 = "k + 6x using equivalent
equations. We. will take those two steps very slowly.

Class Discussion

In solving equations yoﬁ try to geé,«as your last equation, x =
some number. Up to now, the right side of the equation has not had a
_"variéble.in any of the equivalent equations you wrote, so you alﬁays
knew what the numbér on the right was.

In 3x.+2 = 4 4 6x, you know that b o+ 6x _fs the same
mumber as 3x + 2 , but-you don't know what'number 3x +2 is. If
you could oﬁly get rid of the "6x" on the right, you could use the
usual method to solve the equation. When you look back at equations
like 2x + 3 ='7 , Yyou remember that you got rid 6f the 3 on the
left side by adding to both sides. To get rid of any
number that has been added you add‘its opposite, ,

. On the right side of 3x +2 = U4 + 6x ,~.the number 6x has
been added to "4 . If you add the opposite of ", the right
. side is just "4 . But in order to add the opposite of 6x , you
must know what the opposite is. By making a table you will see what
‘happens to 6x and its opposite when;we replace the variable vith
different values. Complete this table, using the valugs of x that

are given. i .




20

Value of x Value of 6x Opposite of 6x “6x

-~

. 30 “30 ) 30

= w

w

You see that in each caée the opposite ofl 6x is the same as,
“6x . If you add 6x and ~6x , the sum is _ . Now you know
that the way to get rid of the 6x on the right side of the equation
is to add . But whatever you do to the righf side, you must
do to the left side, so you add ~6x +to the left side also. Start
wvith 3x +2 ="k + 6x, and add ~6x to both sides: d

“ho+ 6x + T6x ,

oy

3x + 2 + 6x

50 3x + 2 + 6x

and if you add "2 to both sides, you have
6.

3x + 6%

How do you find the sum of 3 ‘%times a number‘and ~6 +times the

seme number? You can substitute a few values> for x +to -8ee what

happens. Perhaps 3x + 6x 1is the same as (3 + 6)x , or ~3x.

29




3

2 1 6+T12="6 . T3.2=276

As an equivaieift equation for 8x + “6x = 6 , therefore,

solution, x = __° . To check the chain of equations:

You see that 3x + 6x i‘gtbe gsame as (3 + 6) e x, or "3x.

‘you can
write "3x = 6 , multiply both\sides by and find the .

Check,
. Equation ' substituting- 2 for x
Co. - 3x +2="h +6x \ (3'2)+“2="2;+4(6-2)
v (had "6x.) 3x +2+ bx="h \\ 6 +2="h +12
(Add "2.) 3x+ 6x =6 \ 8 =8
(3% + "6x = 3x) “3x = 76 \
(Mtipn‘;;,bj} ;]5' J) X =2 | \\
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Exercises
1. Write the opposite of:
(a) 3x

. (b)) Tex

2., Add. The first one is done for you.

(a) bx +3x = (4 +3)x * (g) T3x + "Sx=
= Tx . - =
(b) 2x+ B5x=(__+___)x (h) 1l.1x + ".3x =
= X =
(c) "2]': X + %'- X =
\\/
(@) Sx + .Tx =
(e) 99x + "97x = ) ~
(£) %x + T1x = -

o~
.

B
120}
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3. Find the solution for each equation by writing equivalent equa-
tions. At the right, check the solution in the equation. The

first one is done for you. ' .
Equation
(a) '
-, 3x +5 = 2™ b
(adga "2x”.) 3x +5 + 2x = b
(aga 5 .) 3+ 2x =1
(3x + 2x = 1x) X = '
(v) -
5Sx + 6 =3x+ 6
»
(Ada “3x .)
(Ada 6. .) -
/
(5% + "3x = ___)
(Multiply by 3 -)
(¢) . - .
X = 5}{ + 3 .
(Note. ~x = ~1x)
(add 5% .) -
(Tx + B5x=__)

(Multiply by % )

Check,
substituting the solution
for X

(3+71)+5=(2""1)+%
-3f'"5 - .
2

1] 1]
o
n
+
=
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‘ Check,
Equation substituting the solution
- , for x .

(Mtiply by 3 )

(e)

‘5X+—15Fx+7

.'(‘Add ':2) - : .

(Add 15 .) "

(5x + "x = .)

(Multiply by % .)

(Simplify your answer,)

b, Find the solution'for each equation by writing equivalent equa-
tions. At the right, check the solution by substitutihg it for
x in the equation.
Check




-

v

L3

© (p) . ux+'20.=3x+36

(c) 2x +‘1=3xj-'2

3 1
/ ! -

¢

Note. Sometimes it is easlier to solve an-equation if you Si'l\ﬁ(ély
"exchange fhe two sides. Problem (d) shows how this works. Compare
’ e

it with problem (c).
/ «

< (a) /3x+'2=2x+1'

3h-
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Inegualities‘,

“An equation is a mathematical sentence that says the number on
one side of the equals sign is the same as the number on the other
side. It is also possible to use symbols to say that the number on
the left side of the symbol is not the same as the number on the
riéht side. One sign that can be used (like the verb in an English

_sentence) is # . In 3 + L4 £8, youread "3 plus 4 does not

equal 8" or "3 plus 4 is not equal to 8".°

Such a statement however, does not help you compare the two

. numbers named and comparing numbers is often necessary. (Which

statement tells you more: "Jim is not the same age as Bill" or

"Jim is younger than Bill"?)

You have used these two symbols (< and >) ‘for comparing two
numberss For instance, 1 + 1 <3 (2 is less than 3) and .
3>1+1 (3 is greater than 2). You have, perhaps, also used
these symbols: < (is less than or equal to.) and > (is greater than
or equal to). The symbols <, >, <, and > are used to expregs

inequalities. -

A statement like % + 5 S 9 is true because 4 +5 =9 . If
b +5 is either equal to or less than 9 , the statement b +5<9
is true. Likewise, 3 +3 2 8 1is true because the "is greater than"

part of the symbol makes it true.
{

35

/x"i] ‘ p
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Class Discussion

4

1. Read each of the following sentences and tell whether it is
. ‘true or false. .

(a) b+5=9
(b) ++539"
@)%+5;9
(a) é-,@>‘0

(e 6-2>0
2 :

(&) b4 "

(g) b+ 4<o

() b +78<
fi)_ 6+3>8
(3) 13 -3 >10

You-can use a variable in inequalities, too. First, let's think
of replacing the variable only with whole numbers.

M}

If x <1, what mmber can be used to replace x ?

I£° x>0, you can-replace x with . If
x +1<5, wvhat numbers can be used to replace x ? S 5
y and .« IZf you replace x with &4 then b+1<9 is

. not true. The numbers that can be used to replace the variable and

make the sentence true are called the solution set for the sentence.
-(We have talked about "the solution" for equations because y&h have
not been able to use more than one number as the solution for the

.,equations you have had so far.).

In x + l <5, the solution set contains the whole numbers

~
36

»
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2. .. Give the solution set (whole numbers) for egch of the following

statements.

(a) X +5= 6

(b) X - 8 1 K

(c)
(a)
(e)

(£) 2

(g) 2

Notice that for 2 * x = 18 , Yyou have only one number in %the |
solution set. In 2 * x < 18 , all the numbers less than 9 are/in
the solution set, end in" 2 ¢ x € 18 ' the'number 9 and all’of the

numbers less than 9 are in the solution set.

I The sentence, X + 6 5 6 has more numbers in the solution set
than’ anyone can possinly write down. Every whole number except O
is included in the set, because 1 +6>6, 2 +6>6, and sq on.
For sentences; like this, we just give the three smallest numbers ‘that
can be used, and then, write three dots to mean "and so on". For
x+6>6, wewrite 1, 2, 3, e This shows that
is not in the set but the rest of the-whole numbers are.

. Sometimes there is no number.you can use to replace the variable
dand make a true statement. For instance, if we use only the whole
mumbers, there is no muber that makes x + 6 <6 +true. In this- cage,
we say that the solution set is empty. In the eqlation 2x +3 =2x +5,
thére is no replacement for x that mekes the s dtement true. If we
add ' "2x ‘to both sides, we have 3 = 5, ch certainly is not true.
So the solution fom the equation 2x + 3 = 2x + 5 1is the empty set.
The symbol for the empty set'is { } .

*
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_ Exercises . -
Using only whole numbers for x , give the solution set for ) ‘,5,'
each of the following. . ) _ _ & .
1. . x<3 B : )
4 . .
2, x+2<3 = _. ' . : E
3. b +x>13 ’ ‘ g .
. . : -

b, 5+2<x

5. T+x>29.

6.: x +1<x .
\ 7..'=2x’<2‘5
) 8 2x + 1 < 25 ) "
-9, 2x< h h
0. 5£>10°
1. bx<i2 - ‘ ‘\
2, E<s
13. $>5 ’
i, 3xX1B ) A
L. 3x+1% 15, ‘
16, 3%+ > <15 - ’ |
. me3<s ) :
J.'S. 3x + 3 < 15{ | ‘

9. 15x > 15 .

20, 2x +1<1
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Solving Inequalities with Grapﬁs

In the last section, you solved inequalities using wﬁole numbers.
One way to solve an inequality iZ—Jfust to guess a'solution, tfy it,
and then guess some others until you find which numbers fit. This
works with the kinds of problems you just had, whetre the answers are
all whole numbers, although you can imagine ihat Just guessing would
not be a very efficient way to solve some inequalities. Furthermore,
if we include the integers, rational numbers, or real numbers as
possiblg numbers in the solution set, it would be impossible to write

solution sets in the form you Just used.

First,.let's find a way to show the solution set on the number
line. i

Class Discussion

What }s the solution of the equgtion 2x +3 =11 ¢ x = _* .

To show this on the number line, you just mske a large dot at
the point that corresponds to 4 .

x

d

\

—r—t— 4 ———— 4ttt
“10-98-7-6"5"h-372"1 0 1L 2 3 k5 6 7 8 9 10

In t® inequality, 2x + 3 é?ll , any number greater than 4
will also make the statement true.

If you want to show 2x + 3 > 11 on the number line, you draw
a ray with its endpoint at 4 and pointing to the right.
. * k

— P ’ 4 : et

—h +
T ¥

~ 0123 5k5 67

»
s Or you can‘write the solution set using symbols, like this:

x 2 4! \

This means that you can replace x_in 2x.+ 3 > 11, with=4 or any
number greater than L4 (for instance, with T, or %; , or /27)

and have a true stafément.
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If the inequality is 2x + 3 > 11 , you must make it clear that
L is not in the solution set, but that all numbers greater than k4

are, On the mmber line, the fact that U4 is not in the set is
shown by the small circle at that point.

ML 3 4
T t 4

01 2 5 5 6 7

'Y

Using symbols, you can write:

~

x>k,

To show 2x + 3 <11 , you show that 4 is not in the set but all
" pumbers less than U4 are.

‘—_M’;#’.i: ——g
-6-5-4-3-2-1 012 3 5

Using symbols, you can write: x

The number line below shows the solution set for an inequelity.
Write the symbol that goes in the blank. )

x + 1 0

: &

b -3 -2-1 0 1

Write the solution set using symbols.
x
Write the symbol that goes in the blank of this inequality. The

solution set is shown on the number line below.

x+1 0

tnpun———

- b ——+ LW
_—)-l»*—3-2-101" ‘

N\
[y

, ‘Write the solution set.

ko . : i

? $ P $ . runndiie

[




You will scmetimes see statements like this:
3<x+Lh<10,

This means that‘ 3 is less>than x+4 and x + 4 is less than 10 .
An easier way to say it is that X + 4 is between 3 and 10 , but
in symbols, it is written as it is above. . To find the solution set,

we can think: "If x = "1, then x + b = 3, s0 "1 is not in the
set, and if x 48 6, then x +L4 =10, so 6 is not in the set,"
A1l the numbers between ~1 and 6. are in the solution set.  To

show this on the muber Yne we drdw a segment with the endpoints,

"1 and "6, circled. : -

T— —
—t

"
T

i 3 3 4
T

— -
6-5-k-3-2-1 012 3%k5§7

s
T

To show every number between "1 and 6, the solution set is
written: "1 <x<6.

\

One way to solve inequalities - -
is to graph them. Let's start with 8
3<x+4 . First, knowing that 3 7
&
*may equal x + b4 , write two ‘ ;
functions for the equation 3 =x # & , 5
x> and ¢ 2
7
g 1 X « Graph e
these two functions on the ” -
coordinate plane at the right. T3 2’]-9 P23 45
A
4}
=5
=z
. by .
- —‘ N .
415 <
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/

~ The input that gi*ves the same output for both functions is
‘ .+ So0,if" 3 =x+4, the solution is "1 . But suppose
"o 3<x+4 . You know the solution set contains more than one number,

and you can use Jjust a few tests to find out what they are. Pick a
number that is less than "1 and try it in the inequality’: ’
3<_ ¥k, Is the statement true or false? . Try a
'—riun';be;' that is greater than "1 . 3<____ +L4 . Is this true or
false? Now you are ready to show the solution set on the

.- number line; Since "1 is in the set, mark the point 1 with a

' large dot. Any number greater than "1 is in the set, so the ray

~will go to the + Show the solution set of 3 <x+ 4 on

the number line below.

\

-— e
-10-9-8-7-6 5-4L-32-1 012 3 456 7 8 9 10
Write the solution set-using éymbols’.’ b'q
You can use the same method to solve inequalities using just <
or > symbols.
~ To solve x +6<1 s first wrijbe an equation: x + 6 =1 .
Write two functions for the equation;’and graph the solution.
fix-
8t /
g: x> e
- y /
5 .
» !;’ i
3
B 2
i n
 _d
BTy TF ¢ “hTRTHT ..Q 2 3 4 K
- 2
y \ - -3
Wi
' '5‘
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The solution of the equation x + 6 =1 is
on the .number line as a circle at that point, because

the solution set of x + 6<1.

Now try & number to the right of
numbers to the right of 5 in the solution set?

5

number to the left of 5 . Is it in the solution set?

The rey that begins at the circle should point to the
Show the solution set on the number line below.

i ] i i i 1 i 1 3 J 1 d J 1

is not in

"5 in the inequality. Are

Try a

~J L

210-9-8-7-6-5-4-3-2-101 2 3 k56

Write the solution set using symbols. X

Some inequalities have variables on both sides of the inequality

symbol. To solve 3x + 4 < ™2x + 1k , do just what you did before.
This gives you 3x + 4 = "2x + 1k ,

First, replace the < with = .
an equation. You know how to solve .

w $
\O 4

=
(@]

L"

this by graphing two functions.

BN .

'-)

(Use inputs "1, O, amd 1.) ;

Hp
pe |

f:x->3x+4

H KB -
N D

e

‘g1 x> ex + 1k

r..l
D H

4 \

I RN -1 do W

Y

A,
£

LAY,
el

1] ] ]
W H o

43
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Write the solution of the equation 3x + 4 = "2x +, 14 .,
X = « Try a number gréater then th€ solution of the equation
as a replacement for x in 3x + 4 < ™2x + 14 ., Does it make the . \
statement true? Try a mumber less than the solution of the
equation. . Does it make the statement true? . Show the
solution set on the number line below.

n e & e I d e e o ) I S -1 4’
r

-0-9-8-7T-65-4-32-1 0123456789 10

Write the solution set using symﬁols. b 4

A

@ -
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3

Solve these inequalities by writing an equatic)n and graphing two
functions. Find the solution set and show it oné:e number line,

N

-10 -9 -8 -7 B3 b2 0
AN

Solution set of 13 + 2x >5 :

l. 13+ 2x>5 T
. 15
l)
(Equation) - .
L
ol
f X = 1
T
g : X - a
p
5
1
Y jj
1
MEESESY E
Solution of equation: =
3
- —— —
2 3«45 67T 8 910




2, 3x+2<7x+10 . - T

‘ L]
4
: TE
(Equation) 5
f:1rx- . T
&
g€ X ‘D
&
. 3 .
¢ e - *
T
- —
3 hRTP O BEE
L
Solution of equation: "5
= -3
* - Wi
: =5

10 -9 -8 7 <6 5 % 3 2-.10 1 2 3 5 6 7 8 9 10 =

PR

Solution set of 3x + 2 < "x + 10 :

7

A

L6

=1




-

"3, 5x+ 2<2x+1

“(Equation)

H N Q: 4\ - do

———

D O

Solution of equation:

u.»'

\n &

X =

-

1 e — Y i .

.f 4 —t —t—t et —t >
710 -9-8 -7 -6-5-k-3-2-1 012 3 &

*
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. Equivalent Inequalities

Jﬁst as you can solve an equation bf writing a chain-of equivalent
equations, you can solve ipqqualities by writing & chain of equivalent
.inequalities. There 1is, Qo?ever, one slight difference, which you will \
gee if you wbrk with sohg Inequalities without variables.

Class Discussion h B

*

o
Put < or > in the blank to make each a true statement.

1. 3 5 3. 13 1. .
3+ k4 5 + 4 . ) 13 + 8 7+8 '
27 9 5 4. 4 !
9+ 73 5+.3 _ b+6 ___ T1+6

If yoﬁ add the same number to both sides of an
inequality, the inequality symbol does not change.

Put the correct symbol in the blank to make each a true statement.
Notice how the problems on the left are different from those on the

Tidht.

5% .2 7 9. "y 2 7
32 37 3.2 737
6. °3 . 2 10. °3 "o
b oo " boe 2 - N e S
v 3 e— ¢ 3
7. 8\ "1 11. 8 "1
ﬁ 2+8 2«71 "2+ 8 7 2 e 71
8. 5 "6 12, 5 "6
: 175 176 “1+75 "1+ 76

’ 48
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MWhen you multiplied both sidgs of *the inequality by a positive °
number, the sign did not change. When you multiplied bothiside% by .
a negative number, the sign had to be reversed. This_féct dis impor-
tant fh soiving iﬁgdualities in which you must mﬁitiply by a negative

ot

. number, =
o

. You can solve many inequalities by adding the same number ;o both
sides. To solve x +3 <5 , you add to both sides to get
x+0<___ or slwply  x < ___+ x+3<5 and x <2 are equiva-

lent inequalities because they have the same solution set.

¢ To solve x + 5 >8 you add - to both sides in order to
get x +0> or x> . '

N

13. Solve each of these inequalities by adding the same number to

both sides, . ‘,
(a) x+9<3 . N
Y x< 1§

(b) x-8<21

(Rewrite as addition:)

x < .
L4 . Q

(¢) x+710>6

X >

(d) 2L 1

(e) x+7<18

b
A

had

Ve k9
/ \ , .
‘\) ” > !\z,

T
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s

. v v . RN
Sometimes you must multiply both,sides ©of an inequality by the
same number to find the solution set. In kx <12, you multiply -
both sides by the reciprocal of + The solution is, x < .

In ét x >20, you mulitiply bo‘th sides by . X2 : .

Look at this/6ne: “4x <12, If _you just multiply both sides
by the reciprocdl of "4 , which is —-&]; , youget x<73, One
number in the solution set of x < "3 is -%L « GCheck to see whether
i/is also in the solution set of Thx<12 . -

- ko« Th =16

-~

and '16 is not less than 12 .

»

. 'Remember that if you mltiply both sides of an
ineéuality by a negative mumber, you must reverse
~ the in;aqﬁélity symbol.
.‘ % ) ) )
If you multiply. -%- ¢ "bx and —&'- * 12, you must write, as the.
» . solution set, x> 3 . Try a number greater than 3 in the inequality
“hx <12., If youtry 2, you find that A-T2 s 8, and
that is less than 12 . In order Yo keep from making mistekes, always
check your answer by trying a number in the solution-set to see whether
it fits in the inequallﬁgyyowried to solve, !’ .

14, Solve each of these inequalities by multiplying both sides by
the same number. Be careful when yéu multiply by a negative

v v

number !
1 & ‘
* (a) b > 25 (e) 3 x <12
. '@g ;
. x 2 ' - x < . .

'\@)%x<7 - co(@) T3x>15
X
x < s —

(Wnd¢ sign must you have?)

- 50

¢




"Finally, you write 5k + 2x 'as 3x : . .

"and miltiply both sides by & :

N

17-8¢

Last, you can use equivalent inequalitiés to sol}te p;o‘blems

“wh.ich have the variable on both sides, Jjust as yéu' sp?.ved equations.

. A .
To solve 5x + 2<2x + 1, you first add "2x to both
sides: a ) '

) 5¢ +. 2 + 2x <1 .

)

"and then sdd 2 ‘to both sides:

- . S5x + 2x <3,

.

) T o3x <3

5

x<1l.

’

o

To check, ‘use a number that is in the solution set of x €1 to see
vhether it is also in the solution set of the inequality you started

with., Zero is in "tﬁe solution set; and if you use O , you see:
©e 50+ 2<2.+0+1
2<1.

’

This is true, and the solution set checks.

D

5L .




Exereises

. 17-8d

Solve these inequalities by writing equivalent inequalities.
At the right, use a number from the solution set to show that the

solution set is correct.

-

1. 6x +'3 >7 +5x

-'(Add "3.)

(6x + 5% =

2 5B5x + 11 <3x + 3

.

4

(Ada "5x ) -

?)

Check




- - P e - ~ o

' 17-8e .
b, 3x+ 2<"x+10
- -/ - .
- i
, N . . - -
a s '
j 5. 2x +15<x+ 12 '
{ »

53 ;

¢
<y
~y !
o

{

ERic : :

Aruitoxt provided by Eic:
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Solving Quadratic/Equetions
I

You hafe used the word "squared" when yqu raised a mmber to the
second power. 102 msy be'read "10 to the second power" or 4
"10 squared". The same idea cén be used in writing x < x as % .
This.is read "x to the second power" or "x-squared". Equations
* like x2 - 2x - 3 =0 are called Quadratic equations. The .word ‘ L.
"quadratic" comes from 8 Latiﬁ word meaning to meke something square.
In this segtion, you will learn one way to solve quadratic equafions."'

04

Class‘Discdssion

If you have a very simple equation, like x2 =4, it is easy
to see the solution set. What numbers can you substitute for x ¢ ’
and We often call the numbers 2 and 2 the

roots of the equation L = o,

Of course, not all equations have rétional roots. The equation
x2 = 3 , for instance, has two real numbers in the solution set, 3
and V3 » but it has no rational roots. In this section you will

solve only equations whose solution sets are rational nwmbers.

The equation x + "k 5.5 can be solved by using what you learn-

ed gbout getting the variable by itself on one side of the equal sign

“and everything else on the other side. If you want to get rid of ~h
on the left q}de, you add to both sides of the equation.

x2 + 4 4+ =5 +

/ — — ’
: 2

80 X =

and X = or x = 4

To solve 2x2 =2 , you multiply both sides by . v ’ . -
« 2% = . 2
2
80 [ X =
“and 8 X = or X =
e




© . Exercises -

Solve the foilowing"éi;uafibns. Check both of your solutions in
‘the equation. The first one is done for you. A

s - Check

:. mt‘h

5o
s




‘. graph of the function
g : x»2x , which ig a line.

¢ ) Class Discussion

You mey be able to guess the solution set of this equatibn

2

Again we will write two functions.
* From the left side of the equation,
we write ‘the function f : x —>x2 .
From the right side we. write

g 4 X -52x , Fill in the table ~

of inputs and outputs-for f : x —>x2 .

«

. The graph of the function f HEb < —->x2
This is called the basic

X =2%x, but we can use it to show one way to solve harder ones.

Input

Output

2
X

9

is 'shown below.

Axl

quadratic function, and, as -

you see, it is not a line but

17

"& curve, Notice that the

bottom point of the curve .is

at O ., For the function -
£ xﬁxe', is there any

input that would give a z,

——]
———
\\\

i

negative output? .- ’

¥hen you multiply either a

positive or a negative

number by itself; ¥he-

- aul
./‘/

Su—_.
=

product is alweys .

(Positive or neaatiVeT

. Using the graph in the

}...l L B =]
=D WY NN oD L D qu

figure at the right, draw the -

>

56
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In how Eany points does the graph of g : x - 2x intersect the
curve of £ : X — %0 What inputs give the same outputs
for both functions? and The solution set of the
equation x2 =ex 1s: x=__ _ or x=___ . Check these

solutions in the equation x2 =2%x .

e D=(0@_)

(2« )

and (___*__)

-~
ks

To solve the equation x2 =2x +3, graph two functions:

fix- and g+ X - .

The graph of £ : x ->x2 is drawn for you in the figure below.
Draw the graph of the function g and find what inputs give the same

outputs for both functions. x = or X = .
¥
15 |
l).
\ s
\
32
1 -
T

@ P

!
& N

I

\
e
"
P~

——
N W
\

s

X
< —
w7372l Talog 1l 2] 3 4

fi1x —»x
57
Q {} 3
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When you draw the graph of the function g : x =2x +3 very
carefully, you find that it intersects the graph of the function
£:x % at the points for the input 3 and the input « "1 .,

To check @hese inputs as solutions for the equation x2 =2X + 3

(3+3)=(2+3)+3 ama (L) =(2.71)+3

*
-

9=6+3 . T 1="24+3

9=9 1=1

Going back to the equation at the beginning of this section,
x? -2X - 3 =0, you can now find a way.to solve it. You know how
to solve an equation if you have only x2 on the left side, éb the
problem is "to get rid of the rest of what'é on the left side. First,
rewrite the subtraction expressions - 2x and - 3 as addition: ‘
+ 2x and + "3 . The equation now is < + "2x + 3=0. Yo
get rid of "2x , yéu its opposite to both sides,
and to get rid of~ "3 you also add its - to both
sides. You don't even need two steps for this. You find that

x? =2x + 3 . This is the same equation you solved before! So the

solution for the eguation x2 -2x -3 =0 is x = or
X = « Che¢k these solutions in the equation.

Look at the equation “ + 3x +2 = 0 . First you want to get
rid of the 3x and the 2 +that were added to x2 .« Add
and to both sides of the equation to get an equivalent:

equation:




} l7—9e'

The function f : x —ax? is graphed below. Graph the function \\
g x> that goes with the right side of the equation.

l

4 |

O 7 */

=

et
0 o =W O 0oV O
[

|

N

' $

0

(O3]
=1

AN

fix — x7 5[ W3]72]7)

.
R Rl K &

You may find it hard to read your graph for, this equation, but
you can sée that the two integer inputs which give the same output
for both functions are - and « Check these as

solutions of the equation x2 +3x +2 =0,

(__* _)+(3+_)+2=0and (._+__)+(3+__)+2=0
__*t ___+2=0 ___+___+2=0
_:0 ——_:0

59
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Exercises

Solve the following equations as you did the ones above, Then

check each solution in the equation.

L8 Y
, - V1 s ]
I, x -x-6=0 \ 12 l
(Rewrite as \\ i B /
addition.) 10 ,
% = (Add  and .) 9
- ) § 8
g X = \\ :r /
' Ll T
g X - !/lr . x2
X = or X = 3
T — — Tl 1/
Check: 1 "
o "'4"3'210'1231;
| Ay
2. x2_-3X-4f0 ' 17
1
(Rewrite as 15
addition.) 1), /
x2.= \ ;:_; l
\ ] |
P :x - \\ 1 I[
, \ 3 f
g: X g
%
X = or X = \ ‘7 /
. \ el 11
Check: \ 5 / P x2
and - 3
\[o] 1/
1
- . X
- <"5 3901 13 3k 54
Y
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3." (a) You have solved equations in which you had just x2 on the
left side of the equals sign, For the equatioa below, you

want to get 2x2 on the left side.

2x2—5x+2=0

S

(Rewrite as addition.)

2x® = \ ) * (pdd .and .)

-

(b) The function for the left side of the equation you now have’
is £:x- . ) -
(c) The function for the right side of the equation is
g : X = . '
The graph of the function f : x —>2x2 is drawn for you.
Graph the functiqn’ g .

Y§
* 10 4
AN
8
NN
\ n /' ’ !
! ) AX\%/%.K 2x2 ‘
1§ X
>

+=
{4l

n

| )

(@]
D3
~1/
D

Fal
e

R 7

(d) One input that gives the same output for both functions is
the integer . Check this integer solution in the

equation,

2+ ( __+ " )-(5_)+2=0 .

——— cmm—

(e) The other input that gives the same odtput is not an integer
but a rational number between and « Msake a
guess as to what the number is andrtry your solution in the

' equation. If you don't guess the right one the f@rst tinme,

try another rational number. In the equation

2;2 -5x+2=0, Xx-= or X = . 61

>
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A

En

Pre-Test Exerecises

- "

These exercises are like the problems you will have on the
chapter test, If you don't know how to do them, read the section
again: If_you still don't understand, ask your teacher. ; .

1.  (Section 17-1.)
For each equation, write what to do to both sides of tha
equation in order to get x by itself on the left side of
the equal sign. *

(a) x+k=9 | -

(b)) x +.73 =17

“(c) bx =16

(@) %x=T1

(e) £=19

2. - (Section 17-2. )
For each equation, write what to do to both sides in order to
get x Dby itself on the left side.

- I

(a) 3x+9="21 First

and then

(v) % x + "15 = 60 First

and then’ ’ ~

NN
(e) %% + b9 = 752 Firg;/’/’ . K;?%ET
and then ] K\»/}

(@) 2x -3 =10 First

;nd then ’ 49

and then

62

Ny




3.

(Section 17-3.) ‘
F"ill the blanks,

(a) In the equation + 4 =2 you know that x cannot be

MW

(v) % is the same a8 L ° .

11
x+3 k7’

(¢) It then x+3=ﬂ .

"(a) If. -32—x'= % , then 3x = + (Remember the comparison

propex"t& o)

(Section 17-k.) ,
Solve the equation 2X + "1 = x + 3 by writing two functions,
‘graphing them and finding,the solution. Check your solution
" in the equation.

fi:ix-> 16
¥ L
1 7|
. Q
g: X © :
i
Z
A"
X &=
p
o 7Ty \
I+
Check: )
‘ 2
) ) =t
- i Y R PN B A
o327l 1 4 3 £ 5
A
-Q
-2
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5., (Section 17-5.)
“Write a chain of equivalént eguations to solve these equations:

(a) "hx +3 =2x +21 Check:
F)
}‘(=
) (b) Tx -4 =2x+21 Check:
. .
L] ’\‘h
\ v
"_\ X = v

6. (Section 17-6.)

Give the solution set of each inequality. '
“ .
~
(a) 2x +5 <17

() 7x +3<2

°

e EsT o

(a)- kx +1>22

&

' ‘k, 6’4

-
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+

7. (Section 17-T.)
Solve each inequaiity byj graphing
two functions., Show the. by
.. J
solut%pn set on the number line u B
- 0 2
below the graphs. -
(a) S3+2<12 L1
20
(Equation) 9
8
£ T
t X - g
- 5
g: X b
3
Solution of equation: 4 2
X = +-
Write the solution set of 4 %3 |2 "\1*0\'1 2 3.45
the inequality using -%
symbols. Cat
-,
X haf
/‘l
10798765k 32-100%2 34567 8 9 10
8
- . Y
fb) 2x+ 3 >1 7
X
<]
(Equation) 5
r
/ =
£ :ix- /- 7
4
: g:x- 0 - 44 _1X
‘ ‘ RSP EEL NI
Solution of equation: 1
x = -2
Write the solution set of -3
sl
-
the inequality usipg symbols . - T\
‘ R S ,\\
ﬁ‘\\ 6 W, ‘ \
x 7
e 8
» . ' ’

U

&

-

l—

-0 =9 "8 -7 %6 5 h"3"2710.1-2 3 45 6 7 8 9 16
65

"




17-P-5
/ »
(¢) 3x+"2<2x+1
.. p Y
(Equation) 7
6
£:x- ?
5
g X~ _ o« 2
| 1
Solution of equation: R RIEN-YEIEIEERP
lx: = -2
-3
Solution set of _L
N J
=6
3x+ 2<2x +1: =
.7 > T
x . H-

L]

f'io'938'7"'6"5"u'3"2 10 172 3'..1; 5 6 7 8 é 10

~

80 B (Section 17"80)
Write equivalent inequalities to solve theses Check using a

number from your solution set.

(8) bx+3<x+6 Check:
X
(b) 3x +8<5x -2 Check: ~ N




17-P-6

<

&

Solve this equation., The graph of f : X —>2x2 is drawn for
YOou. .

2~

2% -x -3 =0

(Addition”
equation)

T
N P

| = ad PR

Sy
O o =\

-

i

fed

o

X = or X =

}-J

(One solution is not an integer,)

Check:

M N o \p

=N o

S




1.

2.

17-T-1

Test

For each equstion, write what to do to both sides of the
equation to-get ‘x by itself on the lefghside of the
equal sign.

(a) x+16 =25

(b) 3x = 17 ' . ~
] ,

?C) )I =21

1

(d), x+ 3 =14

Ca
o
R St
Al bon
®
u
oW

Solve these equations by writing equivalent equations. €Check

the solution in the equation. / )
. / Check

(a) 13x + L = 3.0 (\? / | (, ._

‘

(v) 2x-6=19

3
) L
() 21e-8

-
~

S

A g

B
LY




3. Solve these equations by grephing

17-T-2

two functions. Check your 1
solution in the equation. . Ty it _
] 7
(a) bx + "1 =17 81
P:1x- 64 -
-5 o
g:x- i
5
x = 24 S8
3 \
Check i x
ecks e - I
PR R ENEEEREY
-1
2
=3
~ Iy
}-;
B v — 1 1 T 77 i
(b) "3x -2=2x+ "7 L;‘Y
, 10
19
8
N '17
g X = Z
O
N 5
g X~ L
3
r X = Lo
1 <
Check: BEESTENEEEDEN
k)
l"ﬁ
. L‘) J
L1
—/
- ...'_7
l_l
] F
-1 7
- 1
!
. | *

69
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-

Solve this -equation by writing equivalent equations., Check
your solution in the equation. o

Check:

5. Solve this inequelity by graphing two functions. Show the

solution set on the number line, *Y

X+ 3>3x+1

Tl

n
D

(Equatioﬁ)

G b b

Ol Ny N &

+ 3
no

+—
1

1
B =W
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6. Solve this inequality by writing equivalent inequalities, Check
a number of your solution set in the inequality.

"x+2>x+3 Check:

Solve the equation X° - 2x - 3 = 0 . The function X - x°

is shown.

x2-2x-3=0

- W

RN SR

A .—li.—l N
B OWw EF N o Do oY D A

O

-




1.

2.

-{a) 1000 X .0001

Check Your Memoyy: Self-Test

(Section 13-6.)
Add. (You may use your flow chart if you need it.)

(&) Fek-
(v) %+':%= _—
S 1 Fp— |
Ol 23 SE—
o 2o g

(Section 13-8.)

Use exponents to rewrite each problem, Give thé answer with an

exponent.,

i
X

(b) —200000

160

(C) .00001 X .oool/ X
- .

12

/ e,

t
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3. (Section 13-10.) . ,
Write each number using sciéntific notation. (Use your flow
chart if you need it.)

<

(a) 367% =
(b) 228.167 =

(e¢) .OOOkKL

(d) 455000
(e) .0036872 = . : ‘ «/

4, (Section 15-13.)
. Find the érea of these figures. . \\\J

i I
///////T;\;;\\\\\\\\ ‘ jg;////} 14" J////////
H h

18 £, /-

AREA AREA

5. (Sections 15-T and 15-8.) . .
(a) How many inches are in 2 % feet?
(b) How many yards are in 2 feet?

(c) How many inches are in 3 % yards?

6. (Sections 16-7 and 16 8.)

(a) Find the circumference of a circle with a radius of 10

feet.
(Use = =~ 3’.14.) . ‘2

(p) Find the area of the-circle in (a), above. - .

Now check your answers on the next page. If you do not havé'them all

right, go back and read the section aéain.
13




Ansvwers to Check Your Memory: Self-Test

?

1. (a)

P
(]
j -
ggk» ‘GNB t;“g o3 &\

2. (g) :Lo3x101‘=10l
(b) -—--2;l - = 10!
10

(c) 107 x103 =108
3. (a) 3.467% X le
(v) 2.28167 x 192

(¢) k.1 X 10 b

(d) 4.55 X 107
(e) 3.6872 x 10 3

b, (a) 72 sq. ft.

(b) k406 sq. in,

5. (a) 30 inches
2
(v) 3 yd.
(¢) 117 inches

6. (a) 62.8 feet . ’

(b) 314 sq. ft.
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Chapter 18 - -

COORDINATE GEOMETRY

Sibge of E'Line_ oo

You have seen the graphs of. the functioﬁs

k:x -9% X

i:x-1lx .

L Hy
..

X 22X

g€ 1 X 23x

- . . h.: x - bx }//- . )

and so on
many times before. You know that the graphs of these functions

(1) are lines,

and (2) pass through the origin,
\ . : ’
’Oﬁ\ghe coordinate plane on-‘the next page are the graphs of the functions:

’ k:x}%x

i x->1x °

@ x-2x -

o

X - 3% _ ) ~.

s

h:xaﬁx

S

~—

“Glass Discussion

~—

0
Imagine that an ant starts at the origin and crawls "up" the line
of one of the functions. ) .

Look at all five of the lines., Which line is steepest for the
ant to crawl up? Which line is leas&;steep? '

N

76
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#a

N\

21k

bl d

Y S

S
.

43 "

4/

ula)

AR

F

4

P

"3 2"

il

[~
A

g 14"

1079

-t

- .
HON

L%

17
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For these kinds of functions, as the mnnber that multiplies x

gets, la.'rger 'bhe line gets ’ .
(steeper, less steep)
1

Which line is-sieeper? ' - ‘ Cen
- .ﬂ. -.\ . " ) e° 9.'" ¢ s ?'. . 4
2le. g1 x-3x or i x-olx? T .

- -
o N

2. fi+@x-2% or‘k:X'A%x?

3. J:x-10x or p:x-1lhx? |
~ .o | ——

>
bk, q:xa%'_-x“or r:\xa%x? . :

. 2 . 3
5e t.x—>3x or’ s.x—>2x?
The measure of the steepness of & line is what we.call the glope

of a liné. The number that multipiies x is the‘ slope of the line,

" Notice in all. the examples so far the number ‘that multiplied x
wag positive. Also notice that as you move "up" on the graph the line
goes farther to the right. - The slope is ‘p_ositive for these lines,

Here is the graph of f : x »2x , ' , -

| .
NIRRT > PR

A
N
-\ ¢go

\

»

»

H P o
N
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Py
The slope of £ ix ->2x is 2 . T
Is the origin' (0,0) on the line f : x »2x ?

Star%ing at the‘origih, count up 2 units on the-Y-axis and
then scount over to the';ight 1 unit. Is this point on the_ line?

When we s;;zz\on a line and move up and then over to thé line
again, we call the distance up" ‘the rise and the distance over to
the line the run. If we count over to-the __52_ to get back ‘to. the
line the, rufl is positive. If we count over to the left to get back

to the line the run is negative.

k3

Starting at the point (1,2) , count up 2 wunits. How many
. units do you count over to the right to come back to a point on the
line? ' ' What is the rise? S ’ What is the run?

-
.
> >

r— . B

Starting at the point . ("4,78) , count up 2 units. How many
units do you count over to the right to come back %o a point on the
line? - What is the rise? ’

If you start at any point on the line, count up"2 units and
then count oven to the right one unit, do you come back to the line?

(Try this an® see.) ,

For the line f : Xx -»2x , 1in each case the rise is 2 an&’t%e.'

run is 1 .

Suppose we divide the rise.by the run EEEE.—>§\; 2° Thi
ppo y C Trm I 7

is the slope of the. line.

.

Look at the graph of f : x -»2x again. Start at the origin:
and count up 4 units. How many units do you count over to the right
* to come back to the line? ‘ The rise is ' and
the run is . Now divide the rise by the run,

rise _ = Is this answer the slope?’

rnn
b

So far the rise divided by *the run has given us the slope of

-

the line. Let's see if this works on another line.
x .

S . / ,

o~ . -

\ 79
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Here is the graph of g : x = 3x.

p— .

What is thé.siope' of by ﬁf-;fr
the line g : x =23x ? ) & b
It will help ~F [1®
youA find the rise and run 6
if you think of different ? /
segments of this line as -
being the diagonals of ;
different rectangles, s /
IRCEREEERT Y ELEN
-~ ) / —; ///
. . : :3//
. ,/ /
./ #
” /L
~Q

4 =g

- . '

!

. On the graph label the origin ) 0 Q |
and label the point (1,3) P. OP is | /
the diagonal of a rectangle. o :

) &
By looking at the rectangle ;
it is easy to see tBBt the rise 1 1/
L
is 3 and the run is 1, and ¢ 2 A
. ) Pl
e - Does 2
run Te—_— 1/
this give you jhe slope? e e
glve you § P / KR Y T ER!
. S VAR
‘12
’ -3
=
JimE
a Y

80
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Here is the line g » x - 3x with some more rectangles drawvn in. - . ‘ -
by
3
o £
Pz
/1° '
T
W
O ;)
3 ¥ —d
T
. ' ; in /
. : P R "
) 1
< ' 4 X-r—
. 5B AQR 2 3 U 5 '
A / _L
i . -C
JE1 I
A / -5 R
E - 71 *
/ 11~
\
I
°
) Look at the rectangle with diagonal OA . What is the rise?
’ What is the run? rise . . = . Does
{ . _— run : —_—
[ this givé you the’ slope? . "
' t 5
. Look at the rectangle with diagonal PA . rriﬁ = — = .
Loock at the rectangle with diaéonal . 2. = .
: = r:Z: ,
Look at the rectangle with diagonal EO . == = — = .
4 . E—
) Look at the rectangle yith diagonal‘ EB z‘qse 2 ——
° ang-e & *  run T —_

v
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+

In each of these cases. risz = 3. which is the slope;

Does it now seem more likely that
of the line?

rizz always gives the slope

Try this for the line k : x -;% X

NE : ’

ket

AAY

A1 ]

- ' / z
: . You can pick any two points on the line for endpoints of the
diagonal but it is easier to find the rise and run if you pick points

that have integer coordinates.

Pick two points' on the line that have integer coordinates. Use
the segment between your points as the diagonal of.a rectangle. Draw f
this rectangle on the graph of k : x —a% X « What is the rise?

rise _
What is the run? T « Do you get
21 Is 3 the slope of this line}

82
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Exercises
l. . )
. : y| |
(a) What is the rise 01(

the lipe? &
. 5 /
(b), What is the run of L
the line? . ! -
(¢) What is the slope of f ]
the line?:¢ v
6 P4 BELJORL PB P B
) 21
/ )
s
- [ =5
I -6
A\ Y
2.
(a) What is the rise of \ 6
the line? 5
N . b
(b) What is the run of ,
v o
the line? o |
1 P~
(c) What is the slope of _~
— ————1= -
the line? |16 B h3 2T |OL2 3 4 56
L~ . _l
] =
1 bl |
I A
5




"all had positive slope.

you count uﬁ'

Lines that lean to yo

the left to find its run.

1.

/

When you count to the right the run is positive.

When you count to the left the run is negative.
by .

Class Discussion

-\
2,18 L

2

\V 1 P
a0
;
\| |
r X
—.‘ —
IRV 4R >

PEARRE

1\ .
Y \

4

(a) Does £, lean to yodr right or your 18ft?

(b) TIs the slope of £, positive or negative?

1
rise _ — ,
1 zrun Te—_— -

(@) The slope of L, = .

(¢). For 2

~

4 v
left have negative slope: For thesge lines
nd the riseé of the line, but you must count over to

-

B

S
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18-21a

-

Exercises "J ‘
rise

" Write the slope of each line by finding its

T
"

Slope:

.

D Yo = \{n
et
1]

‘\}—1
U

-
'

N

—
l
|
AND
N ]
"
1
B B S e
]
10
H
DO
4=
A1 T
>
1

A NP O O VI )

<t

S
[]

W # > 5

Slope:

”
b

]
)
A®)]
1
- ]
1
AT
1
1A%
=t
]
>
H
O
N oy
4
] >4
\

-
1

]
]
hd v
/
14
o

N\ W D H
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5

3.

\¥

i

o
Al
1
B
- ™ O.im\_e gk —r—
—
i
.o 2
o .
g ol
(o] -3\
m _—-A\
-
!
Y
1
*
\o |
X’ 1 &
e
=t
o
s Ql
~ \
(@) e
o H N Y 3 -
— Ul ) I yi
—~
!
g I
-
-h».
0\
!
. Y

Slope:

Slope:

X

fg

86
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1.

. &
]
(o]
@
17
ol
A |=f
q
-ﬁ_‘
(@]
N ¢ S

517 73

Slope:

Ay

BINR EEED A HN 2L 'h

87
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The Y-Intercept of a Line
T +

The slope of a line that does not pass through the origin is found
in the same way as the slope of lines that do pass through the origin. ‘

avy

’I X = 3x

~

Asl 14
w S/
3|/
2 /
. 1/
Bl [y 51
0

oa

]
A A Y )

/
/]
1

Here are the graphs of /, and Ly o £, is the line f : x = 3X..

b

It has a slope of 3 .

What is the rise for £2 ? -
’ What is the run for 22 ?

QFat is the slope of 22 ? \

Even though both £, and f, have the same slope they are
different lines.
One thing that is differept about them is the point where they
cross the Y-axis. )

" What are the éoord;nates of the point where 22 crosses the )
y-axis? ( , ) ' What is the y coordinate of that point?

The y coordinate of the point where a line
crosses the Y-axis_is called the y-iﬁtercegf.

What is the y-intercept of 2
88 ’ .




Here are the graphs of zl 3 22 ) §3 ) zu , 8&nd 25 » They

. all haye a slope of 3 .

v ‘ ) ‘¥ 17,5

‘ 5

; t
Y L. , : / 23\"‘
' : I
. 2
, | - /




- .  (Class Discusg!on" 18-3b
\ l.. What is the y-intercept of El ?
2, What is the y-intercept of 22 ? 2,};
. : o
3. What is the y-intercept of 23 ? e o
4, What iz—the y-intercept of £, ? )
5. What is the y-intercept of, 25 ?
. 6. Look at the graph of this line "m" .
-~ R . . |
b4
£ m
5
L >
‘ '1/
;ﬁf
1
X
- 165 kB Lo RBEBP '

A U My

¢

(a5 What is its y-intercept?
“(b) What is its slope? ’

(c)

(a)

(e)

(£)

32

(g) Is line "m%, the only

y-intercept éf 37

A ) 90

Y

Can you Qraw other lines that have.a y-interc#pt of 3 ?
Will ahy of these other lines also have a slope of 2 ?
Can you draw other liﬁes that have a slope of 2 ?

Will any of these other lines -also have a y-intercept of

-

lide that has a slope o§ 2 and a

3




1

~

T “ S Y- o 1843c

(h). Make a table of threg inputs and three outputs for
f \X_—2x + 3 and plot the 3 points on the éraph' .
. of line "m" . . T o >
(1) Is line "m"' the graph of f : x »2x + 3 ¢

In f : x -2x +3 the 2 is the slope and the 3 is the

y-intercept. "

f:x-2x +3
Slope " y-intercept

7. .(a) Make h %able of 3 inputs and 3 outputs for
x - kx + "2, and graph the function here.
!

g

o do I ah

®
la

1—-{‘,

(b) .Look at the gravh of g : x »lUx + "2 , What is the_slope? -
“What is the y-intercept? )
Again you can see from the graph yoil drew that f,

g: x-hx+ 72

/A

Slope - y-intercept

91




\ 18-3d

Now you can look at the graph of a line, find the slope and the

y-intercept, and easily write its function like this:

8.

f : x - (slope) x + (y-intercept) >n

Write the function for this line,

P

Lo+

~1

| Sl O

De D

1
A\

1

T

1

=

1

i

no

1

)
o

H

Y
[(WS)

=

A 1]

N

np =
R

£ P

,]l

1
[\ 9




*

i8-3e
9. Write the function for this line,

|
%5

e D Yo

5 73 2 DO 2B [k

N,
[}

N
W ™

f:x-

It is easy to look at a function written in arrow form and see
vhat numbers are the slope and y-intercept of the function. Once you
know the slope and y-intercept you can draw the graph of the function
vithout meking a table of inputs ‘and outputs.

.

You can plot one point on the lin? when you know the y-intercept.

You can start at this point and use the slope (rizi) to find
other points on phe line.

Ny
, J




* ' 18-3f
See if you can di'aw the graphs of these functions without
making a table of inputs and outputs.

10, f:x-2x-1 (Hnt. Rewrite as addition.) .

3 .
Y -«
>
L
2
]
/ 2
5%
' 3

\Jll
)
ml
s
1 \Jl
1=

#F Yo n |l O

'
J

AN
n
.
M
»-- —
.
1]

. 4

— 19
L
2
-
2

; N

, . L ’
BINE
. (o) -~
L/ =,
~n
]
~
’A

oh

3
-
Lty
. ,a
Lie




b B

3 ¥]

=
W
.
1
=
|}

W P o

.

4

1. Write the slope, the y-intercept and the function: for each of

|
these lines. § YS
(a)
) f
6
5
L
4
, I ;
z
B SNERER
1 _
/ -3 .
slope = -,
e
y-inte éept is =5
<
£ x> / -7}

>




- — —

(v)

slope =

‘ y-intercept is

X -

' © 18-3h
Y
~ A
1
&
”-y . ;
i 1
3
2
1
g s 7
. )(‘:!_
6% Y 2-_}(?133/993(
- .
o _
- 3
-’ “L
_5 :
“&

1
[}
)

————i s e

Draw the graph of each of these lines without meking a table

of inputs and oufﬁuts.

(a) £ : x=5x -'3

+

(=
o

WV o\ N o

b

H O W

\n

(U]
|
N
1}
e
]
15
1AY
w-
=
\J
N
-3

W D O

l\-kli

N

-

96
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[e
y -

W

)

f'
[ el | O V)
[

| ko

et
-

= O o &=

LY
4

b' 1

]
N P N

91
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=4

3

N

H "2 323 s

3

X = 2X -
5Ty T3 1o 23k BB
98

(d) k




4

- Thé Equation of a Line

The graph of this function is a line,

f:ix=-3x+2

Class Discussion

What is the input of the function?

What is the output of the function?

?

Which is the output axis in the coordinate plane? .

ZX or Y)

When you write the coordinates of a point, like (2,8) , or
(1,5) , or (x,y) vhich coordinate of the pair is the-output?

(x or y)

You see tpat:

(%,¥) f:x=-3x+2

- N~
output of \ output of the
the pair function

Since 3x + 2 1is the output and y is also the output they are
eqﬁal. So,

y=3x+2
Here 1s another example:

(%,y) s:x—>13;x—5
hnad . N~
output of v output of the
the pair ° function




, Here is a third example:

- ‘ .-
(%,y) 'k:x—)-zé-x+3 .
hnad N~
/ output of output of the
the pair ) function .
So:- -
X=—5**3
function whose equation of
graph is a line the line
f:x-3x+2 Cy=3x+2
g':x—)%x-5 y:%x-5
-~ - s -
k:x—)-%x—+3 - - ‘,'y=—%'-x+'3
Equations like these whose graphs are lines are called linear
equations.

100

A0l

1




~rr

(a) What is the slope of
this line?

(b) What is the y-intercept

of this line?

(c) Write the function for

this l;'Lne.

f i1 x->

Exercises

18-4b

(d) Write the equation
. Y

of this line.
y‘:

'

(a) *What is the slope of
this line?

(b) What is the y-intercept

*  of this line?

(¢) Write the function for

this line.

f i x>

(d) Write the equation of

the line.

O v U=

~

1
A
o
‘-J
™

o S LI Y
1

™
1

o b D -

N

L Y

—IN

\i—-‘l\)JJ-P‘,JI

) b

—f

U M H

b—
4=

\v//f—'

101
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~ ‘ ) . . 18-ke '
3. Write the equation of each of these lines. . : .
() . (e) ,
by ° . ; ‘ ] J ‘Y F .
2 . - . #
b AT I /
3 NEERY
- 2 ' - 2| [f]°
= 1 X T\ 1 I
- —r === — i A (N ] %g_h
2 / —alf
"3 ’_3I -
< 't / -
5 IHE 1
' - AP
/ N T
4 ¥
y = . , L
(b) . (a)
: - x| |
5 P : . ]
L) 5 “
¥ N I - i
) 2 N2

A
el
1
o
|_l
L)
(o
A\
U
1
1
1
=
T

P 4
T

Wb o

»

102
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. '(3)
()

s "~ (e)

3
- =“'X+2.
Yz 5 X

What is the slobe of the line?
What is the y-intércept of the line?.

Draw the graph of the, line without makiné a table of inputs

and outputs.

-

by
5
. N
3 Na ¥
i 2l |
l -
7 _‘, X -
- —=T=1-1 -~
s3I Y- oL R.B B P
-J
= i ;
St
L . Y
|

103
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18-ke

y
5. Draw the graph of each of these lines without making a teble of
inputs and outputs . '

.
(a) v = 15; % -3 (Hint. Write this as addition.)

\TA_‘ ) ] .‘l*Y

= oo & o

s
1
il
e
1
ko
1
n
it
1
o
H
n
=
\S)

A
IS

4
1

I W N

- (o o &= A

[C =

An
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Solution of Two Linear Equations

Here are some linear equations like the ones you graphed in the

-

last lessone

y=3x+kh

73

y..-—gx+7 .
y="12x -3

?

Notice that these are different kinds of équations from the ones
you studied in Chapter 17. They have-two variables, x and Yy .
These equations do not have a single solution. Instead they have
many solutions.

The solutions of these equations are pairs of numbers. The pair

"of that line.

You know that:
(1) if two lines are parallel they do not intersect
or (2) if they ‘are not parallel they intersect in exactly
one point. ’

If we Have the equations of two lines that intersect then the
pair of coordinates of the point of intersection is the only solution

of the pair of equations.

Class Discussion

Draw the graphs of these &
lihear equations. >
) L

y=gx -2 )
N 3

and (/ -
y:il-x+3k// T

w
I
1
]
i
1
LY
)
pod
[}
O
[
LT
S
3
-
N1
o

2
]

-l

of coordinates of every point on the line is a solution of the equation a

s



18-5a

(a) What are the coordinates of the point of intersection of
the pair of lines? g ) Q This is the soluéiq&\?f
the pair of equations.

(b) What is the x-coordtnate of the point of intersection?

.

(c)

‘What is the y-coordinate of the point of intergection?

7

Y

Use these values of x and y +to replace the variables

%

Joe

(a)

. in the first equation and do the arithmetic.

L .
= = -2 .
¥y 3 X
4 -
B
. 3 ——e
. <o + 2
(7
oo, —_— — *
(e) Is (3,2) a solution.of y = TX- 217
(f) Use these same x and y values to replace the variables
in the second equation and do the arithmetic. '
y:—-3]—'x+3
"1
T e +
=43
= +3
(g) Is (3,2) a solution of y. =‘—%-x +3 72
() Is (3,2) the only solution of this pair of equations?
o
= =X - 2
3*
and
L
EREE T i
y 3 3
w7 - Ay




. ‘ . 18-5b

. 2. Draw the graphs of these linear equations. .
. Y= 3x+0
' and -
Y . . y=x+)-{>§

v '

= oo =t

—

© b
Wk

v ’ e

-

H
-

\f "F P-nD

N

-

b
P o
) A

»
i ‘ e .
- La) What. are the coordinates of the point of intjisection éf the
, : pair of lines? ( !‘ )’ This is the soldtidn of the .
\ pair of equations, . '

(b) Use thgicoofdinates of the poipt of intersection to replace
the variables in each equation and do-the arithmetic.,
- LS
y

3x + 0 . and Yy=x+54

‘.

3. + 0

—— — . —_— —

.
- - . =

——— e— m—n ct——

(¢) Is (71,3) the only solution of the pair of equations
Y= 3%x+0 and y=x+4¢

"t , 108




1,

(a)

&

18-5¢

Exercises t*
Find the solution of these two equations by graphing them
and writing the coordinates of their intersection.
N = 43X - .
) y=3 7 .
and
' "1
vy=5x*0
< :
.L!L
3
2
\
! r ¥l
— Tt —p—t——
517 3k 2 -0 8 Bk B
—2
=3
")
e -5 -
A\ ) [

Solution ( )
(b) Check your solution by replacing the variables-in each

equation with the coordinates of the point of intersection.
1 ' '

y=3x-7 ¥ =5x+0
=3 __ -1 | ____=—-21--___+0
= —7 ——=_—
109
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18-54

2. (a) Find the solution of these twd equations by graphing them

and writing the coordinates of their intersection.
_% " \
_y—'2x"'3
ft
ta and
y=—2x+h
I b
5
1%L
3
2
l o&v
XJ__ .
BITH3 2.0 B R B .
1]
) 2 .
=3
-1 5
=5

-~

Solution (|, )

(b) Check your solution by replacing the variables in’ each * s ¢
equation with the coordinates of the point of intersection. .

“ox + U

1

X -3 ' y

1

y

W Pjw

L +-3 =20 +)+

1

Il
+
w
Il
!
+
=

110
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Perggndiculaf Lines

You know that the axes of the coordinate plane are perpendicular
to each other. . A ¢

We have marked points A(4,1) ; B(3,1) ; cC(2,1) ; D(1,1) ;
on this graph.

8Y
1 5
b
3
- 2
11 |DiC |B |A
X
il _ —t— — e
50747317271 |JOL E B 5
ES
—ﬁ
=3
=)
-5 ,
b
. ,Qa
‘ 5
. Clasgs Discussion ’
v 1. » Place a piece of thih paper over the gfaph. Use a straight-
-,
5& edge and trace the coordinate axes. Label your tracing of the
X-axis zl and your tracing of the Y-axis zé .
L J N
"//’/‘ 2. Stick the need® point of your compass through the intersection
of El and 22 and into the origin of the graph. N
\ .
PN 3 l\

111 :
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18-6a

3« Turn your tracing about the origin so that zl passesfthrough
point A(4,1) ..

(a) 1Is £, still perpendicular to £, ?
(b) What is the slope of 8, 3
(c) What is the slope of ‘z2 ?

(d) Multiply the slope of £, by the slope of 1, .
/ 3

1 2

v

L, Now turn your tracing/éb £hat ﬁl"gpsses through point B(3,1) .
(a) Is 2, 1 £, 7

(b) What is the slope of 4. ?
N 1

, (¢c) What is the slope of £, 1

. . (d) Multiply -the slope of £, by the slope-of £, .
£

(e) Is the product of the slopes still thg same as in problem
312 '

5. Turn your tracing so that ¢, passes through point C(2,1) .

P
(a) 1Is ‘A 1 2y %
®
(b) What is the slope of 2,7
N (c) What is the slope of 2, 7

(d) Multiply the slope of £, by the slope of 2,

L) - *

(e) Is the product of the slopes still the same?

112




' . 18-6b

s s

passes through point

D(1,1) .
(a) What is the slope of 2,7
! * ' ) ,X
) .Y

?

6. Turn your tracing once more so that' tl
; > :

!

!

{

|

(b) “What is the slope of 2y 7

i
!

| }
i
. . =

i

(c) Multiply the slope of £, ‘times the slope-of £, .

(d) Is the product of the slopes still the same?

! These two ideas go together:

| (L) If two lines are perpendicular then the
product of their slopes is "1 .

L
"1 (2) If the product of the slopes of two lines .
is "1 then the lines are perpendicular. C

i
{

t

i T. Draw the graph of the line y = 3x + 0.

Label the line Zl .

-
Y
' ' 5 ’
i . *
3
2
1
- ~ - Lji;
. 5l 37207 P L2 3 k15

L
=] L
=3
i

-5

113 /////’/ﬁ R




18-6¢ )
Suppose we want to write the equation of line 22 that has a

y-intercept of 2 and that is perpendicular to zl .

(a) What is the slope of £, 2

(b) What is the reciprocal of the slope of 2,7

(c) What is the opposite of the reciprocal of the slope of Zl ?

(d) If 2. has this slope will it be perpendicular to £ 07

2
N (Multiply these slopes and see if their product
is -l o) N ‘r}"‘) v .

(e) What is the equatian of £, ?

' The slope of 22 is the opposite of the reciprocal of the slope

of gl . B o ' .

(f) Draw the graph of £y o

i
Y

= IO o [\

i
\JI'
1]
4=
1
(&S]
[\)l
1
i—l
1
—
O
l-—l
o
w
=
\J1

i

)
/

~—
1
\N H

| | IR

(g) Does P

5 look perpendicular 3? zl ?

11k




8.

.(a)

(b)
(e)
(a)

(a)
(b)

(c)

(a)

18-6d

What is the slope of the line y = % X + 37
\
What is the reciprocal of this slope?
What is the opposite of the reciprocal of the slopé?

What is the equation of the line that has a y-intercept of

-1 and is perpendicular to y = % xX+37 :

What is the slope of y =x -2 %

What is the reciprocal of this slope? (What
number multiplied by 1 equals 1 ?)

What is the opposite of the réciprocal of the slope?

What is the equation of the line that has a y-intercept of

5 and is'perpendicular to y =X - 2 ? -

Here is the graph of. y =2 . It is a horizontal line.

O jo (= NN

115




-
s

.
. . N

’;§;6e
Start at '(6,2) and count over 1 unit to the right, :Tﬁis is
a yun of 1l-, What is the.rise? !

f ‘ rise
N Tun

g

=2
-1

The slope of a horizontal line is zero.

. 4

3 -
| . ’

Here is the graph of the line x =

t

lY_
AN
5 i
o -
N
3
Y F 4
- e 2 >
1
X
—e) P PSTN N P ra y e—
5747372 - jJo L B B M
L
+ 4
3 .
L
=5 .

Is gLe line x=3 a verticql line?

Is it pefﬁ@ndiﬁdlar to the line y =2 ?7 .

o~

But the slope of y =2 1is Zero. Is there any number that you
can multiply by zero and get 1 ?
4

¥

There is no number we can give

as the slope of a vertical line,

.
[

It is meaningless to talk about the slope of a vertical line.
' 116
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- ) 18-6f . ,/
Exercises N
1. Matching: ' ) ’ .
If you drew the lines for the eguations below, you would find '
_ that each line under B “is perpendicular to a line under A. . ’
Match the equations of the jperpendicular lines. T
A .
8 1 .
=5X + . a ==X - =
y =5+ 7T (a) v =3 7 5 .
f:—i;x+2 : (v) y=-—;-'-x-lh
- 2% ° _ T, L
y=5%x+0 (¢) ¥v= 3-3%y 5
B L
y=—g-X--5- () v =1k -7
341 . 3,.2 .
y=5%x-5 ,"(e)y-2x+3

‘r
‘r

S

2. (a) sWhat is the slope of the line ¥y =x5;c*- §
"(b) What is the reciprocal of this slope?

(¢) Wnhat is the opposite of the reciprocal?

P
»

(d) Write the equation of the line that has a y-intercept of

10 and is perpendicular to y = 5‘5: - -§- .

~

3. Write the equation of the line thqt has a y-intergept of "7 and

s

: is perpendicular to y = -l3£ x+ 8.,

Ik, Write the equyation of the line that has a y-intercept of % and

is 7erpendicular to y = —53— X - ljf .

Se Write the equation of the line that has a y-intercept of 14 and
»

is perpendicular to y = 5x + % .- -

117
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Parallel Lines
h¥ N

'
- . Class Discussidn o

Here is the graph of .y = hx -1 .

A}

“1. "'(a) - What is the equatidn
of the line 4. that x
o - L s
:Has a-y-intercept of 1\
¢ -
~ L and that is per-
pendicular to
y = bx-12%

o o L= i

:
A
1
=
1
(o8}
'
n
'
H
J‘ ’
- .
o
]_—l
§ae
(oY)
=
N7

(b) What is the equation
of the line 22 that
has a y-intercept of -
2 and that is per-

»
pendicular to \
y= 4x-127 ‘ , \

N

'
4
/,

¥ 4

(¢) Draw £.,\and £, on this graph.

(d) If two lines §re perpendicular to the same line are they
o

parallel to each other? . ' .

.

N (e) Is zlll 2, ? L s

(f) What is the slope of A ?

(g) What is the slope of £, ?

(h) Are these slopes equal? .
If, two lines are parallel they have the same slope, i "
and
. ’ .
‘| if two lines have the same slope they are parallel. *
118 . ' k
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Exercises

A

18-7a

-

t

1. If you drew the lines for the equations below, you would find
that each line udder B is parallel to a line under A . Match

2.

3

27

the equations of the parallel lines,

-é_' .
y=3x-‘2/ -
y=%X+5
y = l?x + 6

e

Ny

N

v

(a)

(b)

(e)

(a)

(e)

3B
y = % x - 12
1 1
y=-8-x+§
y=3x+0
y-ﬁx—%
y = 1Tx - 20

Write the equation of the line that has a y-intercept of 8 and

that is parellel to y = % X -2,

Write the equation of the line that has a y-intercept of "5 and

is parallel to y=Tx +23 .

Write the equation of the line that has a y-intercept of

is parallel to .y = % x -.% ‘

and

2
8

T

oy
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\i
Aﬁgolute Value and Distance

On the number line, you know that 3 names an integer that is
three units to the right of zero,

Ty

LY

v

. B C
- r—t +——+ @ +— —®
. : . 0 < 3

3

« .

and 3 nameg'anfinteger that is three units to the left of zero.

-

: - A B .
- —+ —&- + + —@ — + } + —
-3 0

ot

Point A and poinﬁ C are bd%h the same distance from point B .
,That is, iB and,,EE have the same length. :

»
-

g B C
-+ —_— —— + SEEEe——— — -
0 . 3
A = B
- + .ﬁ + + —+ + - -
..3 0 .

Since it doesn't make sense to talk about neggtive digtances or
negative lengths, we need some way to show that.the distance between
some number and zero on the number line is a positive number, We call
this distance the sbsolute valué of the number, So the absolute value
of 3 is 3 and the absolute value of "3 is 3 ., This is the same
thing as saying that AB and BC are both 3 units long.

Instead of writing "the absolute value of" every time we want to

refer distance on the number line we put vertical bars on both
sides bf the humber like this: ["3] . This is read "the asbsolute value
of "3" . So

|73] =3 amd [3| =3

120
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Here are a few more examples.

|51 =5 and  [5] =5

. |"27] =17 and |17} =7
|739] =39 and [39] =39
Class Discussion ~

1. Here is a number line w}th some of the points named by letters,
Find the distance from the origin, R, to each of the following
points, (Hint. Remember, distance is always positive,)

L Q P v S R A . D E C B X
D 2 y 2 m ' ~+ ~+ t + ' +—

5 L 3 1 1 2 3 L 5 6
(a) D (f) E

(®) Vv 5 (g) A

(c) B () R {

(@) L (1) Q

(e) P (3) ¢

2. Vhat is the common name for each of the following?

(a) |78] = (£) |76] =
(0) |7] = (@) | =
(c) |79| = (n), 15| =
(@) |2| = (1) |75] =
(e) 72| = '

N~

121°
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- b

The distance between two points on the mumber line is always
’ shown by a positive number., If A and B are two points on the
number line,

A
- r .

P
]

then the distance betweer A and B 15 the same as the distance

between B and A. On this number line, ¢
A B
- + t ~+ + ———— + + -——
1 0 1 2 3 L5 6 7

the distance between B and A is found by'subtracting the coordinate
of A from the coordinate of B . ’
. 7_2=5
The distance between A and B must also be 5 . If we
subtract the coordinate of B from the coordinate of, A +the answer
~j}is a negative integer.
2-7="5
But you know the distance must be a positive number. On this
nuntber line, )

. - 1

5

4J1Ta>

the distance between B and A is

5. (W) =5+
\
=9 .

So, the’distance between A and B must also be 9 . But if we
wvrite - b - 5, we get :
T o . b5 ="k+ 5
" . -
9

A

122
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vhich is again & negative integer. You know it doesn't make sense

to talk about‘a negative distance but if we use the idea of absolute
value we can get away from this. Look at this example:

If the distance from A to B is "k -5 we
Aan write this using the absolute value symbols,

like this ,
|4 -5
Then we do the arithmetic inside the vertical bars first. So,

|™% - 5]

|"% +.75]

= |79
=9
.',‘ N
By doing it this wey, we always get a positive number for the distance.

Here is one more example:

Find the distance between C and D .

AT
C D
- & ——+———+ —+ + + o— '
5 4% 3 72 " 0 1 2 3 4 s5 6 T 8
We can find this distance in two ways. . 4
Like this: i B ,
I - |8 - 75| = |8 +5]
. : = [13]
=13 , )

or like this:
\

fial

|5 - 8] =5 + 78

. = |13

=' 13

.

You can see that as long as you do the érithmetic inside the

‘

absolute value bars, it makes no difference wpether the problem is
|8 - 5] or | The answer will always be positive.

123

} ’ . AL e



(b) What is the distance bétween A and B ?

12k

Exercises
! J)
.1. TFind the value for €ach of the following: ~
(a) 8] = (£) J18-5]-=
(b) |710]-= (g) I3-1] =
(c) [23 -2 =_ (n) [7-3]-=
- 1 .
(@) |2 -23] = 1)} 35-75
' . 1 .1
(e) |5 -18| = () 175-33 =
2., Tind the distances between the following points marked on this
* number line.

A B c D E F
- - + + —— + ———+——@0—+n
L - 1 0 1 2 34k 5 6 7 438

1 .
35 (7-5
(a) A and C (f) A and F
(b) B and C () B and D
(¢) C and D (h) F and E
(d) E and C (1) C ,and B '
(e) B and E (3) F and A
3 (a) On this nimber line, locate the points _A and B, so that
the distance ‘between A and P is 5 and the distance
between B and P is 5 .
P N
——— +— ——& + t— ——t + t —
8 1 6 53 h T3 "2 1 0 1 2 3 Lk 5 6 )
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The Coordinate of the Midpoint of a Segment

In the. chapter on congruence you'learned to bisect a line

A

segment.

)
¢ w

|
l
Ly
*
|
|
|

* . \\

- The point of bisection, M , is called the midpoint of AB .’ Now
\\‘///’///’you will learn how to find the coordinate of the midpoipnt of a segment.
e,

Class Discussion

Points A, B, C,

Use this number line to answer the questions that follow.

and D are shown on the number line below.

A . B C . D
-——+——+ —————+——F—— ——t .
6™ 4 3 T2 "r o 1 2 3 4 5 6 T 8

1, (a)\ What is the coordinate of the point half-way between C and
. . — o
D2 This is the coordinate of the midpoint of CD .
(b) What is the coordinate of C % R
(¢) What is the coordinate of D ?
2 + 8
(d)e_ -

125 . <




~ ) 18-9a .
2, (a) What is the coordinate of the point half-way between A

and B ? - This is the coordinate of the midpoint

of AB .
(b) What is the coordinate of A ? .
) .
J (c) Whatris the coordinate of B ?
6+ T2 .
() 242 - ; . :

’

3. (a) What is the coordinaté of the midpoint of AD ?
(b) ‘What is the coordinate of A ?
(c) What is the coordinate of D ?

(@) ’6g8=

y ‘
"% k4, On this number line: - ] .

. B
- —+ f +— + + + + $ 99— —
2 1 0 1 2 3 4 5 6 7

(a) The coordinate of A is .

. (b) The coordinate of B 1is .

- \ +
(c) The coordinate of the midpoint is 5 or .
e S ,
5. Suppose a and b are the coordinates of A and B on the

number line (aﬁlénd b are numbers).

T T - c - . A ) B
- - —9 +‘ - —@— ) : t ud
‘a . m b \

Write a formula for finding the coordinate of the midpoint m .
(Hint. jiook at your answers to part (d) in Problems 1, 2, and 3.5
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Exercises

1. Find the coordinate Qf the ?idpoint of the following line segments.

A B C D E F
<@ . —@ - —@- + +——@- + ——+
"8 7 6 5 4 "3 2 10 1 2 3 W 5 6 T 8

Example. The coordinate of the midpoint of AC is

"8+ T2 T10 -
2 = 2 or 5 . ]

(a) The coordinate of the midpoint of DF is

+

$ S

(b) The coordinate of the midpoint of CE 1is

+ . g .

is

&l

(¢c) The. coordinate of the midpoint of

+

(d) The coordinate of the midpoint of BF is

+
= = .

=

is

(e) The coordinate of the midpoint of

+
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2. Use the midpoint formula 8 ; L m +to find the coordinate of the

midpoint of a segment whose endpoints have coordinates a and b .

Example. a=3, b=9
m =2 ; b N
_3+9
2 .
g - _
=2
m=3
(a) a=0, b="10 (d) a="1, b="8
<
m = ——— m = =~—————
. . '
(b) a="12, b=k () a="7, b=16
m = — me— -
(c) a=12, ©b=18 (f) a="7T, b="16
ms=s — mn=——
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bS

You know how to find the distance between two points on the number
\
line when you know the coordinates of the points. For example, on this
number line

'

B
<—+—¥—_. _:. = + _3 _5 $ } t L 2
5 & "3 T2 "1 o 1 2 3

the distance between A and B is

1”5 + 73]
18]
=8.

|75 - 3]

7/

If you go the~other way then the distance between B and A is

p 13- 75] = [3 + 5]
= |8]
,/’/ =8 .
We can find the distance between two points in the coordinate
plane when we know the coordinates of the points. First we will
y talk about the distance between two points that are on either horizontal
or vertical lines but are not on the axes.
o 4

]

129
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] . Class Discussion

1. ” Y ’ R

(0]

-
[
2
-

Y

>
-

o
1
)]
1
=
1
)
1
n
1
’—l
L
o,
H
n
KA
=
A\
[}
—

-

T .
- \p K U
- NN H

>

o

(a) What are the coordinates of point C ? (5 )

-

i (b) What aré\the coordinates of poiht D ? _( , )
(c) What is the length of AB ¢ n

(d) 1Is the y-coordinate of C the same as the y-coordinate

of A Y

" (e) Is the y-coordinate of D the same as the y-coordinate

of B ?

<
(f) What is the length of CD ¢

130
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. 24
15
. N
? 2
2
N l \\
1y + E N F X 3
o B
4507 T4 "1-JoL B B b 6
‘l B R
Y | R -2 =
3 .
bl |
G | H
R
(a) What are the coordinates of point G 2 _( , -~ )
]
) . (b) What are the coordinates of point H ? _( ) v )

{c) What is the length of EF ?

(d) Is the x-coordinate of E +the same as the x-coordinate

of G ?

-

% ’
(e) 1Is tﬂg’;rcoordinate of F the same as the x-coordinate
| o\f H? _ |
s v . . l
(f) What is the length of GH ?

-

. To find the distance between two points that lie on a line parallel
to the X-axis:

‘e
Find the absolute value 9£ the difference

of the x-coordinates.””

" To find the distﬁnce between two points that lie on a line parallel
to the Y-axis: . ) -

’

r

Find the absolute walue of the difference

of the. y-coordinates.

’ 131
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Example 3:

. . _. i
.Find the distance between two points A and B whose coordinates
are A("4,2) and B(5,2) .

3

Solﬁti§n.
% -5} = | ™%+ 75), >F
- |79l

Example 2,
Find the distance between two points, C and D whose coordinates
€(3,73) and D(3,2) . °

Solution.

73 - 2] = |73 + 2]
75|
5

-

A

The length of D "is 5.

-,
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.+ Exercises

1. On this coordinate plane some points have been located. Fing the

length of ‘the following line segments. ¢
>
- Y
A
5
F¥ 44 +
2 C
2
E 1 D
] + R .
PR EERMREIEEEE

AT
.-
T
P

1
3 H W
og]

(a) IE
(v) ©Cp .
(c) DB , |
' (a) ¥8 '
. (e) G .
0 ® e
(g) TA . '

You can find distance even when the points are not shown on a

coordinate plane.
2, 'Find the ‘distance between two points, A and B , whose

L ]
C{/fgpordinates are A(2,5) and B(2,73) .

3. Find the distance between two points,” C and D , whose

coordinates are C(™5, 4) and D(6,7%) .
A\ 133
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a Plane, Part II. ‘IQ

Distance Between Two Points

In the last lesson you learned how to find the distance between
two points in the coordinate plane if the two points are on a line
parallel to either the X-axis or the Y-axis. Now you are going to
learn how to find theldistance between any two points in the coordinate

plane,

Class Discussion

On the coordinate plane below, we have located two points A
and B . '

- |V W &= oy oo

[ )

1
\
1
=
1
w
'
n
1
]
O
=
o
AT
Ll P, SN
B

A\ =N

1. Write the coordinates of points A and B in the blanks

»

beside these pOints.
‘2, Use your straightedge and draw iB .

3., Is AB on a line parallel to either axis?

- 13k




18-11a

k, Use your straightedge and draw the vertical line that passes
thiough point ‘A . '

5. - Use your straightedgé and draw the horizontal line that passes
. through point B .

6.. Do the two lines youy just drew intérsect? ~TL
T. Label the point of intersectiy P . VWhat are the coordinates
of point P ? . )
8. What kind of a figure is formed by AP, FB, and AB ?

If you followed the above directions correctly your figure should
Jook like this.

»

M ION ) oo [

i'—'l\)fi

He.

N

\ 45

‘s

T

135
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You know that the vertical line through point A and'tﬁe
hpz':izontal line th.rough point B 'are perpendicx{lar to each other at
point P . So, the angle ‘at P 1is a right angle, A APB 1is a right
t'riagle, and AB is the hypotenuse of 'this triangle. To find the
length oi: Kﬁ you use the Pythagorean Property. That is, for all
right triangies '

a

¢

if a is the length of one leg of the triangle, and b 1is the ;}yength
——

of the other leg of the triangle, then the square of the length of the

hypotenuse, ¢ , is found by the formula

' ce=a2+b2, S0

.e = ae+’b2 .

9. For the right triangle A AFB :

(a) What is the length of AP ? ' ) £,

“
Y

(b) What is the length of AP , squared?

(c) What is the length of BP ?
¥
(d) What is the length of BP , squared ?

(e) WVhat is the sum? (length of B2 4 length of -B—P.e)
g

-(f) What is the square root of the number you got for an answer

to part (e)? This is the length of AB .




18-11c
We will summarize what we Jjust did.

i |

Y ‘

8 L‘.

Tl A(l: 7)

6 «

2 3
W \

e 3 Bl,B) L 1X| v

2l |P(1,5)

l -

- BEREEERI AR AIENE
=5
\ -3 \

|

(1) The length of AP is [7-3| or k4 .

(2) The length of BP is [k - 1f or 3.
(3) The length of AB = /A% + 3°
-/6+9
N = /35
=5

137
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Exercises

On these coordinate planes, plot the points A apd B . Draw
the vertical line through A and the horizontal line through B and
locate point P . Then find the length of i .

1. A(2,72), B(1,76) +
. - Y _,!
* 5
N
3
2
1
le-
BTy joll P B kB
pa
=
-3
Length of AB = —h
5
2. A(-l{',3) P 3(41_3)
Y
5
u ——
3 -Length of AB =
2
1
X
—~il - = - —
574731 741]-joh R 15
=3
="
- ]

138 - \
29.3




’ 18- lle

3. A(76,7), B("1,75)

T ol b= o

-

np

£ A

v

Length of AB =

g1

rd

. A(3,k) , B(6,72)

sy
5 N
L
3
2
1
- X
‘5'1;‘3'2'1-10 1B kb JT
. i =5 Length of AB = ’
. _13! A
5 7
. 139
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, (x2 and y, are numbers) and a point\B whose coordinates
are (xl,yl) . (x1 and y, are numbers\different from x

2
and ye) .

Then the coordinates of point P are (xe,yl) .

Use the absolute value symbol, whatlyou know abouf finding the
distance'befween two points on a line parallel to eithé} the
X-gxis or Y-axis, and the Pythagorean Property to see if you can
discover how we got this formula for finding the léngth of AB .

' _— 2 2
Lengthof 4B = f/lxg *-xll '*Iyé - Yll

140
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Pre-Test Exercises s ,

These exercises are like the problems you will have on the chapter
test. If you don't know how to do them, read the section again. If

you still don't understand, ask your teacher.

1. (Section 18-1) ) ’ |
For this graph: ! lﬂ
(a) What is the rise of 5

the line? b
3
(b) What is the run of 2
1

the line?

qh I TY-Lflon 2 13 k|5
(c) What is the slope of A
the line? -3
i
5
’
f

2. (Section 18-2)

(a) Iines that have a positive slope lean to ygfr .

(b) Lines that have a negative slope lean to your .

’ -

141
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‘

\ ’ . .
3.  (Section 18-2) 18-P-2 | .

Here are two lines, £. and £2 .

1 .
. ' Y »
(a) What is the slope ”22 =
of El ? :
\ 5
4
(b) What is the slope A\ 4 1>
3
' of £2 ? 2 o
. _ \
— ottt RN
SR EIEVLC AN P
L1 N
- N
=4
3
i
- P \\
5
-1 |
b (Section 18-3)
Here is the graph of 21 . ¥ .
P (a) What is the y-intercept 2.
L
. 5|/
of El ? L
(b) What is the slope é
. 1
of £. % N
10— ] ' X




2
5. (Section 18-3)3‘ 18-p-3
Write the slope, the y-intercept, and the function for this
line. WY \
(a) Slope is ___ . ’ \ ‘
(b) y-intercept is . b
- — 3]\
’ 2
f .
(c) X - N
( \ X

6. (Section 18-3) !
Without making a table of inputs and outputs, draw the graph

s . -
of f:x-3x+ 2.

‘Y

o e =

N KON C
\h =W b

—

. 143
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18-Pst

. "7. (Section 18-14) :

Here is the graph of £2 o« T v
(a) What is the slope of
.3
this line? 5 2
(b) What is the . (
\ A 3
y-intercept of this o
line? . , L .
— ’ / J
. (e¢) Write the function “sITh A2 |0 {12 3 B
R
for this line, / =
B l -J -
R Xv-—-) / =1
(d) Write the equation of { -5
this line. : [ >
T ;

8. (Section 18-14) .
Without making a table of inputs and outputs, draw the graph of

y =%'x'+7 . $Y

= [N [ [\

1
\N
1
4=
)
LA
1
nN
1
ja)
o
H
[S)
w
=
\n

U)l ﬁsl ]
—ag H

1k

\ 149
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9. (Section 18-%)

Find the solution of these two equations by graphing ‘them and
writing the coordinates of thelr point of intersection.,

y=3x+2
and u - .
5
y=2x+3 . L '
13f 4l o
2
. 1
X
o L

The solution is -

v\(',>. : | : \v/.\

10. (Section 18-6)

What is the slope of the line y = Ux + % ?
W&gﬁ is the reciprocal of the slope of the line é ‘ //)

(]

¥y = bx +_% ?

What is the opposite of the reciprocal for part (b)?

%Ti%g\the equation_pf the ldine that is perpendicular to

.

y = bx +  end has a y-intercept of 6 .
r
11. (Section 18-7)

Write the equation of the line that has a y-intercept of 9 and

’
A

is parallel to the line whose equation is y = % x+5 .

y= .
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12. ' (Section 18-8) . . < ’

Find the v\a\l‘ue for each.of the following:

- . . \ ) ‘

(a) |78} = (e) |3 - 7| = ,

() Jwof ={~ (@ |75 - 10| =
13. (Section 18-8) ' -

& . )
What is the distance between points. A" apd B ?
' A , B

-— f . } + —t g —r—t —

5 w3 T2 "1 0 1 2 34 5 6
k. (Section 18-9)

What is the cooxdinate of the midpoint of AEB ?

A N 9 . B
-9 + + +- + -+ +——rt t t + 49—
.0 b 3 2 1 o0 1.2 3 g 5 6
15.  (Section 18-10)

Find the length of the following line segments.
. T
| 6
' 5
; ' " ,Axe,u)
1’ 3 g
? ° 2
‘ p(fuje) 1 c(1,2)
;’ X
e EEENIEANNAAE]
;85 = 3
=2
=3
3
a -
§ _2 ?B(e)‘ 5
(a) BB
F24
( (v) [+ v

146
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16. (Section 18-11)
Find the distance between point A and point B ,

. Y
5
i
31" .
. 5 L
i 2
—t i — —— — o p—
I3 dU_lopn e 3B
s
~o
-3
bl
5
=6

The length of AB 1is .




1.

For this graph:

(a)

(b)

(e)

(a)
(b)

5

(a)

Test

L]

18-7-1

What is the rise of

. 5
the line? L
3
What is the run of 2
1|/
the 1line? .
ERELEER 2 3|k |5
Vhat is the slope of >
the line? -?
/—‘f
- 5
L4 V
Lines that lean to your right have a slope.
Lines that lean to your left have a slope.
) ]
Here are two lines, e
£
and £, . hs\
] ‘\ 5
What is the slope b "
. % l
N
of El ? \ | 2 L .
bl ‘\\l | =
What is the slope < ) — -
T 17532 C0NL R B B
. N x
of Ee ? L = N
‘ - AN .
- ’ _i
-5 \
\ N
=y N
148
-t
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k, Here is the graph of £y

(a) What is the

z-intercegt of zl 2

!

"What is the slope

of Zl ?

W HF YN H

Se Write the slope, the y-intercept, ' and the function for this line.

. Q +
B
By SlO e is .

(b) y-intercept is

.

(¢) £:x3

-




18-7-3 -

6. Without meking & table of inputs and outputs, draw the graph of

- x + b .
f i+ x-2 3 >
L3
] & 5 R
1
. 3
N 5
1
. X
‘ "'5 "')4"3"2"1_“0 l 2 3 h’ 5
FEMES
. =3
et
i
Y |
. T. Here is the greph of 22 . .
(a) What is the slope of .
> 520p¢ w3
. b
/ this line? . , . 10
9
. {b) What i 3e y-intercept o // 28
¥ o
of this 3ine? 1
' o
(¢) Write thelfunction - 1A 1S
* ] u
for this line.
A 3
”d
- f:x- 2
1
(d) Write the equation = — 1 -
\ 532l o iR kD
~~__ of this line. _ _i
s ' y = ’




18-T-k -
8., Without making a table of inputs and outputs, draw the graph
of y%§x+5.‘ ;« Y
N 9
8
7
= 6
5
- b
’.';
2
1l
L Al
IR 101 21314 p
=i
[

e

9, Find the solution of these two equationd by graphing them and
writing the coordinates of their pointof intersection.

y= 2x +1 Y]
and
y=2x + 3 . > 5
u i)
2
l ]
A Xl
. S 432 - p 1|23k B
ES
The solltion is =5 i
=3
( —
( 5
/ '
Y
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18-T-5

10, (a) What is the slope of y =3x + 5 .
(b) What is the reciprocal of the slope?
(¢c) What is the opposite of the reciprocal for part (b)?
(d) Write the equation of a line %hat is perpendicular to

3x + —5 and has a y-intercept of 3 .

y
~ y =
11. Write the equation of, the line that has a y-intercept of 5

and is parallel to the line whose equation is ¥y = % X+7T.

y = -

‘12. Find the value for 9gbh of the following:
(2) |22 =__ (e) 15 -9l =

(v) 18] = @ [3-1-=

13. What is the distance between points A and B ?

A : B
“~—— 4 + —— + + t 4 —t ——@»
"8 Tt 6 s "3 21 o1 2 3 K 5 °6 7 8

14. What is the coordinate of the midpoint of AB ?
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15, Find the length of the following line segments.
' Y

(a) Length of Kﬁ‘

is .

\ +N\3;5).

(b) Length of €D

= IO fw =

is -

(o 0

] c('lf,"z) S o5,/ 2
° b
%
=5
. L 4
N _ | IB(3,77)
‘ ¥
) l

16, Find the distance between point A and point B .

. *Y

5
- —
A([945) I
3
2 .
’ 1
X
N s3] g oph B M B
-.)
=5

%

The length of A8 is Yo
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Check Your Memory: Self-Test

- 1. (Section 13-6)

“Fill tﬁe blanks, -You may use your flow chart, page 7, if you
need it. (Remember to rewrite subtraction prob%gms as addition.)

+

(a)

/\'.
o
~—
W

~~
o
Na”
o~ I3 W=

—
jol]
~—

i
5=

(Section 13-11)

Fill the blanks.

(&) £=___

(b) ___ (write a fraction.) '
(c)

(a) __ (write a decimal.)
(e) _ (vwrite a decimal.)

(£) " (vrite a decimal.)

(Write a fraction.)




(Section 13-10)

Use scientific notation to write these.

(a) 3%.063

(v) .00982

(c) 768,000

(a) -.015793

(e) 59764.31 =

(Sections 1lh-k and 1%-5)

(a) For the circle below, O is the center and AB is the
diameter, Construct a right angle with the vertex at
point C .,




\}Q B ' ~ 18-R-3 ' ’

(b). In the figure below, line £ is the perpend‘ic\l.yr{ bisector ¥ J
of E . .
c
A v B

=
e
&l

be se

/ AMC = / BMC Dbecause

because

2|
iR

Therefore A AMC = A by the congruence property.

What kind of triangle is A ABC 7_




: . »

- - 18-R-b

" 5. (Section 16:4) . '

Find the length of the hypotenuse of each of these right triangles.

(a) ' : (v)
6
- 2k ! .
>

10

o2 + b7 = o7 8% + b2 = o
_2 + ___2 = 02 __2 + __2 = 02
+ = 02 + = 02

2 2

= C = C

= C \ = C
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18-R-5

6. ‘(Section 16-2)
Find the\area of each square. T)

) (?) . -

Area = ° Area =

Find the length of the side of each square.

(e) (a) - (e)

Area = 29 Area = 36 . Area = 320

7. (Section 16-10)
(a) Find the area of a circle whose radius is 10 inches.

(use m =~ 3.14) A= sd. in,

(b) Find the area of a circle whose radius is 1L ft.

(use = z~%?) A= sq. Tt.

Now check your answers on the next page. If you do not have them

all right, go back and read the section again.
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(a)

(c)

(a)

(a)
(b)

(c)

(g)

()

(v)
(c)

(e)

f,
k

13

Om—

12

13

10
3
8

25%

Ujw

T0%
05
875

1.3
3
i
150%

3.4063 X 10+

9.82 x 10 3

7.68 X 100

1.5793 X 10 2

5.976431 X 10“

Answers to Check Your Memory: Self-Test
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. 18-R-7

(a) The easiest way is to draw X and ©B.
L ACB 1is a right angle.

(o) MEZ MB because £ bisects AB .
/ AMC = / BMC because line £ | AB.
CM = CM 'because it is the same segment.
A BMC T A BMC by the SAS congruence property.
A ABC is an isosceles tri\angle.
242 2
25 + 36 =c ’
61 = ¢ (
L |
10° + 242 = P /
100 + 576 = c° <
676 = c©
26 =c 9
(a) 4 =25 . )
(b) A =27 y '
(¢) s = '/é_9' :
(a) Ss =6 .
(e) s =Y‘7§§-5 (or 8 /5- because v320 = Y6& + 5
= /6k + 5
5.5 )

&

(a) A =~ 31% sq. in.

(b) A =~ Uk sq. ft.




